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'Information  on  the  kind  and  extent  of  training  in  escape  or  evacuation  of 
injured  personnel  was  obtained  by  a questionnaire  from  33  crewmen  with  actual 
experience  in  escape  and  evacuation.  Results  showed  that  current  training  is 
extremely  limited.  If  a tank  is  hit,  the  gunner  is  the  most  vulnerable  crew 
member.  Lifting  straps  built  into  a tanker's  uniform  would  aid  considerably  in 
the  evacuation  of  wounded  or  injured  personnel. 

Target  acquisition  performance  of  tank  commanders  operating  in  the  closed- 
hatch  mode  under  different  conditions  was  compared  to  performance  in  the  normal 
open-hatch  mode.  Results  showed  that  target  acquisition  performance  is  not 
affected  significantly  by  slew  rate,  cupola  position,  or  the  use  of  an  aiming 
reference,  and  is  not  degraded  in  the  closed— hatch  mode, 

A literature  survey  on  deriving  Measures  of  Effectiveness  (MOE)  foe  tank 
crews  revealed  that  techniques  for  deriving  MOE  for  crews  or  larger  personnel 
units  are  not  well  developed Current  work  on  MOE  for  tank  crews  primarily 
concerns  gunnery  performance..  \ ’ 
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FOREWORD 


The  Fort  Hood  Tield  Unit  of  the  Army  Research  Institute  for 
the  Behavioral  and  Social  Sciences  (ARI)  provides  support  to  Head- 
quarters, TCATA  (TRADOC  Combined  Arms  Test  Activity;  formerly 
called  MASSTER — Modern  Army  Selected  Systems  Test  Evaluation  and 
Review).  This  support  is  provided  by  assessing  human  performance 
aspects  in  field  evaluations  of  man/weapons  systems. 

This  report  presents  the  results  of  four  separate  efforts  in 
the  area  of  armor  operations.  One  of  the  efforts  was  designed  to 
determine  the  effects  of  external  environmental  conditions  on  the 
internal  environment  of  a buttoned-up  tank.  Another  effort  was  a 
study  of  problems  in  escape  and  evacuation  from  armored  vehicles. 

A third  effort  was  an  experimental  investigation  of  target  acqui- 
sition in  the  closed-hatch  mode,  with  emphasis  on  the  use  of  an 
aiming  reference  to  prevent  spatial  disorientation.  The  fourth 
effort  was  concerned  with  the  problems  involved  in  the  develop- 
ment of  Measures  of  Effectiveness  (MOE)  for  tank  crews. 

ARI  research  in  this  area  is  conducted  as  an  in-house  effort, 
and  as  joint  efforts  with  organizations  possessing  unique  capabil- 
ities for  human  factors  research.  The  research  described  in  this 
report  was  done  by  personnel  of  the  Human. Resources  Research  Orga- 
nization (HumRRO) , under  contract  DAHC19-75-C-002 5,  monitored  by 
personnel  from  the  ARI  Fort  Hood  Field  Unit.  This  research  is 
responsive  to  the  special  requirements  of  TCATA,  the  1st  Cavalry 
Division,  2nd  Armored  Division,  and  the  objectives  of  RDTE  Project 
2Q763743A775,  "Human  Performance  in  Field  Assessment,"  FT  77  Work 
Program. 


* 


A STUDY  OF  SELECTED  PROBLEMS  IN  ARMOR  OPERATIONS 


BRIEF 


Requirement : 

The  work  described  in  This  report  is  that  referred  to  in  paragraph 
2.2.2  of  the  Statement  of  Work  (revised)  dated  3 February  1977,  under 
the  title,  "Effects  on  Tank  Crew  Performance  of  Special  Hatches  and 
Other  Factors."  The  problems  addressed  were  derived  from  the  previous 
year's  study  of  buttoned-up  armor  operations  and  from  Hura^n  Resources 
Need  (HRN)  statements  submitted  by  armor  units  at  Fort  Hood,  Texas.  The 
following  objectives  guided  the  work  conducted: 

* To  determine  the  effects  of  external  environmental  conditions 
on  the  internal  environment  of  a buttoned-up  tank. 

* To  determine  the  kind  and  extent  of  training  currently  provided 
in  escape  and/or  evacuation  of  wounded  or  injured  personnel 
from  armored  vehicles;  to  obtain  crewmen  opinions  concerning 
the  adequacy  of  current  escape  and  evacuation  systems;  and  to 
determine  what  design  changes  crewmen  feel  should  be  made  in 
escape  and  evacuation  systems. 

To  determine  what  factors  influence  tank  commanders'  target 
acquisition  performance  in  the  closed-hatch  mode. 

* To  determine  the  problems  involved  in  the  development  of 
Measures  of  Effectiveness  (MOE)  for  tank  crews,  and  to  deter- 
mine what  .research  must  be  accomplished  in  order  to  develop  a 
reliable,  valid,  and  comprehensive  set  of  MOE. 

Procedure : 

Work  towards  meeting  each  of  the  objectives  was  conducted  inde- 
pendently. The  procedures  followed  in  each  case  are  outlined  below. 

In  order  to  determine  how  external  conditions  affect  the  internal 
environment  of  a tank,  a recording  hygro-thermograph  was  placed  in  an 
M48  tank.  The  tank  was  sealed,  and  data  on  Internal  temperature  and 
relative  humidity  were  obtained  over  a several  day  period  in  late  sum- 
mer. These  data  were  then  compared  with  comparable  data  obtained  outside 
the  tank. 

Information  on  the  kind  and  extent  of  training  in  escape  and/or 
evacuation  of  wounded  or  injured  personnel  were  obtained  by  a question- 
naire. Thirty- three  crewmen  with  some  actual  experience  in  escape 
and/or  evacuation  served  as  subjects.  Opinion  data  were  also  obtained 
concerning  needed  design  changes  and  the  adequacy  of  current  escape  and 
evacuation  systems. 

Target  acquisition  performance  of  tank  commanders  operating  in  the 
closed-hatch  mode  was  investigated  in  two  experimental  studies.  Factors 


examined  included  slew  rates,  cupola  position,  and  the  use  of  an  aiming 
reference.  Performance  data  under  different  conditions  were  obtained 
for  each  tank  commander  involved,  and  these  data  were  compared  to  per- 
formance in  the  normal  open-hatch  mode. 

A review  of  the  relevant  literature  was  conducted  in  an  effort  to 
determine  the  problems  involved  and  the  methods  typically  employed  in 
the  development  of  MOE  for  crews  or  larger  personnel  units.  Extensive 
contacts  were  also  made  with  other  research  personnel  working  in  related 
areas.  Based  on  the  information  obtained,  a program  of  research  was 
outlined  aimed  at  the  development  of  MOE  for  tank  crews. 


Principal  Findings: 

* Temperature  and  relative  humidity  inside  a buttoned-up  tank 
lag  temperature  and  relative  humidity  outside  the  tank' by 
approximately  three  hours. 

* Effective  temperatures  inside  a buttoned-up  tank  in  warm 
weather  reach  levels  that  can  be  expected  to  degrade  perfor- 
mance. 

* Current  training  in  escape  and/or  evacuation  of  injured  or 
wounded  personnel  is  extremely  limited. 

* If  a tank  is  hit,  the  gunner  is  the  most  vulnerable  crew  member. 

* Lifting  straps  built  into  a tanker's  uniform  would  aid  con- 
txderably  in  the  evacuation  of  wounded  or  injured  personnel. 

* Target  acquisition  performance  is  not  affected  significantly 
by  either  slew  rate,  cupola  position,  or  the  use  of  an  aiming 
reference. 

* Target  acquisition  performance  is  not  degraded  in  the  closed- 
hatch  mode. 

* Techniques  for  derivation  of  MOE  for  crews  or  larger  personnel 
units  are  not  well  developed. 

* The  only  current  work  of  any  magnitude  being  conducted  in  the 
area  of  MOE  for  tank  crews  is  concerned  with  gunnery. 

Utilization  of  Findings: 

The  findings  concerned  with  the  relationship  between  external  and 
internal  environmental  conditions,  and  the  opinion  data  on  escape  and 
evacuation  systems  should  be  useful  to  tank  designers  in  developing 
future  tanks  or  in  planning  modifications  to  present  tanks.  Similarly, 
the  recommendations  on  the  need  for  lifting  .straps  in  tankers'  uniforms 
should  be  of  use  to  those  charged  with  clothing  design. 

Training  authorities  should  find  the  information  on  target  acqui- 
sition both  useful  and  comforting.  With  minimal  practice,,  tank  com- 
manders can  perform  as  well  with  closed  hatches  as  with  open. 

The  chapter  on  MOE  will  be  useful  in  future  developments  of  MOE  for 
tank  crews  and  platoons,  in  that  the.  problems  have  been  specified,  and 
potentially  fruitful  apptoaches  have  been  suggested. 
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CHAPTER  I 
OVERVIEW 


All  research  described  In  this  report  was  conducted  under  a project 
titled,  "Effects  on  Tank  Crew  Performance  of  Special  Hatches  and  Other 
Factors."  However,  each  of  the  four  chapters  deals  with  a totally 
different  problem.  For  example.  Chapter  II  is  concerned  with  the  effects 
of  external  environmental  conditions  on  the  internal  environment  of  a 
tank  with  hatches  closed.  The  need  for  this  work  was  prompted  by 
inferences  drawn  from  an  extensive  review  of  the  literature  concerned 
with  potential  problems  involved  with  extended  armor  operations  in  the 
closed-hatch  (buttoned-up)  mode.' 

Chap! er  III  is  concerned  with  escape  and/or  evacuatior  of  wounded 
or  injured  personnel  ! rom  armored  vehicles.  This  effort  was  initiated 
as  a result  of  a concern  expressed  by  personnel  of  the  2nd  Armored 
Division.  They  felt  that  hatch  design  might  have  to  be  modified,  and/or, 
that  sp  i.al  training  in  these  subjects  might  be  required  to  ensure 
confidence  of  tank  crewmen  in  their  safety. 

Chapter  TV  describes  studies  of  target  requisition  by  tark  com- 
manders under  various  conditions.  In  this  ‘•udy,  ''acquisition"  refers  to 
tin-  act  of  laying  the  main  gun  ritlcle  on  the  targetafter  the  target 
has  been  "detected."  This  effort  was  prompted  by  interviews  with  test 
officers  who  participated  in  a TRADOC  Combined  Arms  Test  Activity  vTCATA) 
test  of  closed-hatch  operations,  and  f rom  reports  in  the  literature 
commenting  on  terrain  and  target  disorientation  while  operating  with  the 


W.  L.  Warnick,  A.  L.  Kubali, 
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hatches  closed.  The  cotnnanders  reported  frequent  spatial  disorientation 
while  slewing  the  turret  to  the  target  location.  The  chapter  describes 
two  small  studies  oriented  toward  a better  definition  and  a remedy  for 
this  problem. 

Chapter  V discusses  problems  associated  with  the  development  of 
Measures  of  Effectiveness  (MOE)  for  tank  crews,  and  outlines  needed 
research  in  this  area.  This  effort  was  conducted  as  part  of  a larger 
ongoing  effort  on  the  development  of  methodologies  for  evaluating  unit 
effectiveness  under  operational  conditions. 

Because  of  the  diversity  of  topics,  each  chapter  is  essentially  a 
complete  report  in  itself.  The  reader  interested  in  a particular 
chapter  need  not  read  the  preceding  chapters  in  order  to  understand 
the  material  presented.  Also,  for  the  benefit  of  readers  not 
interested  in  all  of  the  topics  covered,  the  appendixes  and  references 
cited  for  each  chapter  are  presented  separately  at  the  end  of  each 
chapter. 
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Chapter  I 
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Warnick,  W,  L. , Kubala,  A.  L. ; Maxey,  J.  L.,  and  Ton,  W.  H.  Study  of  the 
Psychological  (and  Associated  Physiological)  Effects  on  a Tank  Crew 
Resulting  From  Being  Buttoned  Up,  ARI  Research  Problem  Review  76-13, 
Human  Resources  Research  Organization,  and  Army  Research  Institute, 
October  1976. 
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CHAPTER  II 


DETERMINATION  OF  THE  EFFECTS  OF  EXTERNAL  TEMPERATURE  AND 
HUMIDITY  ON  THE  INTERNAL  ENVIRONMENT  OF  A TANK 


Background 

Heat  and  humidity  are  likely  to  cause  degraded  human  performance  if 
it  is  necessary  to  operate  tanks  with  hatches  closed  for  extended  periods 
of  time.  However,  there  is  very  little  published  research  on  the  effects 
of  heat  and  humidity  on  armored  vehicle  crews.  This  lack  of  information 
is  probably  due  to  the  fact  that  current  strategic  thinking  emphasizes 
the  possibility  of  fighting  Warsaw  Pact  forces  in  the  relatively  cool 
areas  of  central  and  northern  Europe. 

A recent  review^  of  the  literature  dealing  with  the  effects  of  heat 
and  humidity  on  human  performance  showed  that:' 

* Tasks  which  do  not  require  great  physical^ef fort  are  little 
affected  until  Effective  Temperature  (ET)  • exceeds  90°F. 
However,  if  tasks  requiring  some  physical  exertion  are  per- 
formed, effectiveness  decreases  above  about  ET  85°F,  and 
casualties  may  be  expected  with  ETs  of  85°F  o-  higher. 

Specifically,  the  upper  limit  for  tolerance  of  heat  in  tanks 
Seems  to  lie  between  ET  88°F  and  ET  92.5°F. 

A Wet  Bulb  Temperature  (WBT)  of  91°F  or  above  results  J.n 
decreased  alertness. 

* The  "comfortable"  range  for  humidity  is  between  AO  and  60 
percent. 


W.  L.  Warnick,  A.  L.  Kubala,  J.  L.  Maxey , and  W.  H.  Ton.  Study  of 
Psychological  (and  Associated  Physiological)  Effect  3 on  a Tank  Crew 
Resulting  From  Being  Buttoned  Up,  AR1  Research  Problem  Review  76-13, 
Human  Resources  Research  Organization,  and  Army  Research  Inrtitute 
for  the  Behavioral  and  Social  Sciences,  October  1976. 

P,  ' 

ET  - Temperature  Humidity  Index  = .A  (Dry  Bulb  Temperature  + Wet  Bulb 
Temperature)  + 15.  (See  E.  J.  McCormick.  Hum an  Factors  Enoiarori >:  : 

(2nd  ed.).  New  York:  McGraw-Hill,  196A. 
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* Acclimatization  to  heat  takes  from  3 to  12  days,  and  is  more 
effective  if  the  individual  exerts. 

Both  the  British  and  German  armies  explored  *-he  effects  of  high 
temperatures  on  the  performance  of  tank  crews  during  WW1I,  and  found 
evidence  of  considerable  performance  degradation. 

A few  studies  have  been  done  recently  on  some  aspects  of  the  prob- 
lem. Suarez^  found  that  the  summer  daytime  Wet  Bulb  Globe  Temperature 

4 

(WBGT)  inside  an  M60  tank  varied  from  100°F  to  106. 6°F.  No  crew  was 
present  in  the  tank,  so  nothing  was  reported  concerning  che  effect  of 
these  temperatures  on  crew  performance.  However,  it  was  noted  that 
these  WBGT  levels  were  much  higher  than  is  considered  acceptable  for 
human  working  conditions.  The  presence  of  a crew  would  have  caused 
these  WBGT  levels  to  have  been  even  higher,  because  of  increased  hu- 
midity which  would  raise  the  WBT  levels. 

Fenning,  et  al/  recommended  that  thermal  radiation  from  tank  walls 
be  studied.  Tank  walls  will  be  heated  by  both  radiant  and  ambient  heat 
from  the  exterior  environment.  The  tank  walls  will  then  radiate  heat  to 
the  interior  atmosphere  and  to  any  objects  or  persons  in  the  tank. 
Radiated  heat  may,  therefore,  contribute  substantially  to  the  discomfort 


' .1 . Suarez.  Methodology  Investigation  of  Armored  Fighting  Vehicle 
Compartment  Temperatures , M60  Tank,  USAPG  Report  No.  203,  US  Army 
Yuma  Proving  Ground,  Arizona,  November  1974. 

4 

WBGT  = .1  Dry  Bulb  Temperature  + .7  Wet  Bulb  Temperature  + .2  Black 
Globe  Temperature.  Black  Globe  Temperature  is  a measure  of  radiant 
heat. 


W.  Fenning,  P.  Jackson,  and  R.  Kelley.  Reference  Sources  in  the. 
Physiology  of  Extreme  Environmental  Temperatures , Engineering 
Research  Institute,  University  of  Michigan,  Ann  Arbor,  May  1954. 
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of  the  tank  crew,  and  if  ETs  of  90°F  or  above  are  reached,  degraded  per- 
formance and  casualties  from  heat  stress  are  likely.  Conversely,  in 
cold  climates  the  tank  walls  will  lose  heat  to  the  exterior  environment 
and  when  the  tank  wails  are  cold,  the  crew  inside  of  the  tank  may  lose  a 
good  deal  of  body  heat  by  radiation  to  the  cold  tank  walls.  Cold  is 
likely  to  be  less  of  a problem  than  heat,  however,  because  clothing  can 
be  worn  to  conserve  body  heat. 

No  studies  were  found  which  dealt  with  the  effects  on  human  perfor- 
mance of  wearing  Nuclear,  Biological,  and  Chemical  (NBC)  protective  gear 
in  a closed  environment,  such  as  a tank  with  hatches  closed.  NBC  protec- 
tive gear  would  greatly  increase  the  risk  of  heat  stress  for  tank  crews 
operating  with  closed  hatches  in  a hot  climate,  and  probably  also  ir. 
temperate  climes. 

Altogether,  it  is  clear  that  there  is  very  little  information 
available  concerning  crew  performance  under  closed-hatch,  NBC  condi- 
tions. If  continuous  armor  operations  are  to  be  feasible,  much  more 
information  is  needed  on  this  problem. 

Mil itary  Problem 

The  concept  of  continuous  or  sustained  operations  for  armor  has 
been  considered  seriously  only  recently.  The  development  of  night 
vision  devices  of  various  kinds,  and  the  recent  emphasis  on  combat 
system  reliability  have  made  the  concept  of  continuous  armor  operations 
feasible.  Continuous  operations  will  make  greater  demands  on  the 
soldiers  who  man  armor  forces. 

In  addition  to  the  greater  demands  on  human  ennurance  posed  by  con- 
tinuous operations,  demands  for  stamina  will  also  result  from  the  likely 
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necessity  of  operating  in  the  closed-hatch  mode  for  substantial  periods 
of  time  in  any  future  war.  Two  factors  indicate  this  necessity.  First, 
the  stated  doctrine  of  potential  enemies  dictates  the  employment  of  NBC 
weapons,  if  required.  Threat  forces  habitually  train  for  combat  under 
these  conditions.  Second,  threat  forces  are  expected  to  employ  massive 
amounts  of  artillery.  UP  armor  forces  are  expected  to  fight  outnumbered 
under  these  conditions,  and  still  prevail  on  the  battlefield. 

During  closed-hatch  operations,  the  internal  environment  of  a tank 
will  have  major  effects  on  the  crew's  ability  to  function  effectively. 
Specifically,  the  temperature  and  humidity  inside  a buttoned-up  tank 
will  be  vital  factors  in  determining  whether  the  crew  can  carry  out 
their  duties  effectively.  Therefore,  it  is  important  to  investigate  the 
effects  of  external  climatic  factors  on  the  internal  environment  of  a 
tank. 

Research  Problem  and  Design 

This  study  was  aimed  at  determining  the  relationships  between 
external  temperature  and  humidity  and  the  internal  environment  of  a 
tank.  In  order  to  obtain  data  lor  a baseline  condition,  measurements 
were  cade  without  the  tank  engine  operating,  and  without  a '■rew  in  the 
tank. 

Instruments  for  measuring  and  continuously  recording  Dry  Bulb 
Temperature  (DBT)  and  Relative  Humidity  (RH)  inside  the  tank  were 
obtained  ftom  the  Army  Scientific  Laboratories  Meteorological  Team  (ASL 
Met  Team)  at. TCATA,  Fort  Hood,  Texas. 

Permission  to  use  an  M48  target  tank  for  measurement  purposes  was 
obtained  from  HQ,  TCATA.  The  tank  was  parked  in  the  open  in  a motor 
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pool  at  West  Fort  Hood.  All  broken  vision  blocks  were  sealed  with 
cardboard  and  heavy  masking  tape.  The  ASL  Met  Team  then  installed  a 
hygro- thermograph  recorder  inside  the  tank.  Continuous  temperature  and 
humidity  measurements  were  recorded  on  a hygro-t hermograph  chart. 

The  temperature  and  humidity  inside  the  tank  were  continuously 
recorded  from  1400  hours  on  12  August  1976  through  the  morning  of  19 
August  1976.  External  temperature  and  humidity  readings  were  recorded 
by  the  ASL  Met  Team  hourly  from  0700  until  2000  each  day  during  this 
period  and  reported  on  standard  Weather  Bureau  forms. 

Results  and  Conclusions 

In  Figure  I I— 1 it  can  be  seen  that  the  rise  in  internal  temperature 
of  the  tank  lags  the  external  temperature  for  a substantial  part  of  the 
day,  from  shortly  after  0900  until  about  1530.  After  1530  the  internal 
temperature  continue;;  to  rise,  while  the  exterior  temperature  begins  to 
drop,  particularly  after  1700.  The  amount  of  this  lag  remains  nearly 
constant  between  about  1000  and  1400  at  a little  more  than  1.5  hours. 

It  should  also  be  noted  that  temperatures  inside  the  tank  rise  in  the 
early  evening  to  wel  l above  90^.  Further,  at  no  time  did  i-.Jt.  t .ai 
temperatures  fall  to  a level  that  would  be  comfortable  for  persons 
engaged  in  heavy  physical  activity. 

The  time  lag  in  internal  temperature  change,  compared  to  external 
temperature  change,  can  be  explained  by  the  thermal  Inertia  of  the  tank 
hull.  Because  of  Its  bulk,  the  tank  hull  Is  warmed  more  slowly  than  the 
external  air  during  the  "arly  part  of  the  day,  and  thus  insulates  tnc 
inside  of  the  tank  to  some  degree.  However,  the  tank  hull  is  warmed  as 
the  day  goes  on  (mainly  by  the  radiant  heat  of  the  stin)  to  temperatures 
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considerably  above  those  of  the  external  air.  Then  in  the  early  evening 
the  hot  mass  of  th^  tank  hull  continues  to  radiate  heat  to  the  air  and 
objects  inside  the  tank,  so  chat  internal  temperatures  continue  to  rise 
until  long  after  the  external  air  temperature  has  started  to  drop. 

Figure  II-2  shows  a comparison  of  external  and  internal  relative 
humidity.  Again,  tne  internal  measurements  lag  the  external  measure- 
ments for  a substantial  part  of  the  day.  However,  the  drop  in  relative 
humidity  as  the  day  goes  on  is  almost  entirely  a function  of  the  increase 
in  temperature,  so  Figure  I T — 2 tells  us  almost  nothing  beyond  what  we 
learned  from  Figure  I I— 1 . The  relationships  between  temperature  and 
relative  humidity  are  shown  graphically  in  Figures  11-3  and  li~4;  Figure 
1 1-3  for  the  tank's  internal  environment,  and  Figure  1 1-4  for  the  ex- 
ternal environment  for  the  period  from  0700  to  2000.  Figure  1 1 — 5 shows 
the  relationship  between  temperature  and  relative  humidity  for  the 
internal  environment  for  the  entire  24-hour  period. 

Figure  r 1-6  presents  external  and  internal  ETs.  The  F.Ts  were 

computed  using  the  following  formula:  FT  - Jr  7 - (.  fit  - . $6  iW}  (PUT  - 

0 

!>*))  . In  Figure  I 1-6  it  can  be  seen  that  internal  FT  lags  eytonuj.  FT 
in  much  the  same  fashion  as  internal  DBT  lags  external  DBT. 

Since  FT  is  an  index  of  discomfort,  based  on  empirical  data.  Figure 
11-6  gives  the  best  information  on  the  probable  effects  of  temperature 
and  humidity  on  tank  crew  performance.  Duke,  et  a_l , / in  a comprehensive 
review  of  heat  stress,  found  great  consistency  in  exper ' men  t.a  1 results; 

p,  ’ . 

McCormick,  t<\  . '*>  t . (see  footnote  f/2). 

M J.  Duke,  N.  pindikyan,  T . Anderson,  and  S.  B.  Sells.  . Jy-.'r,  hi 

!!.  .7, pt  p.  •.•!.!-//.  /* , Technical  Report  No.  11,  Institute  of  Behavioral 

Research,  Texas  Christian  I'niversity,  Fort  Wcrtli,  May  1967. 
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FIG.  1 1-6.  Comparison  of  external  and  internal  effective  temperatures  (means). 
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an  ET  of  75°  Is  comfortable,  and  ET  of  80°  reejlts  in  some  distress,  an 
ET  of  85°  produces  great  distress,  and  ETs  above  86°  result  in  casual- 
ties. From  Figure  II-6,  it  is  apparent  that  ETs  rise  to  the  uncom- 
fortable range  by  early  afternoon  and  remain  in  this  range  for  many 
hours. 

The  internal  ETs  shown  in  Figure  11—6  were  measured  without  a crew 
in  the  tank,  and  without  the  tank  engine  running.  Both  of  these  factors 
would  tend  to  raise  the  temperature  (DBT)  in  the  tank,  and  in  addition 
the  presence  of  a crew  would  raise  the  humidity  through  respiration  and 
perspiration. 

The  increased  humidity  that  the  presence  of  a crew  will  probably 

contribute  in  a buttoned-up  tank  can  be  estimated  from  a series  of 

,q 

studies  carried  out  by  Hicks,  with  Armored ' Personnel  Carriers  (APCs) 
under  closed-hatch  conditions.  He  found  that  in  occupied  APCs,  con- 
densation on  the  interior  surfaces  of  the  vehicle  was  a major  problem. 
The  condensation  occurred  in  the  early  morning  hours  when  the  walls  of 
the  APC  had  cooled.  Occupants  found  that  leaning  against  the  walls  of 
the  vehicle  caused  their  clothes  to  become  wet.  Condensed  water  dripp-d 
from  overhead  surfaces  onto  clothing  and  other  gear  stored  in  the 
vehicle.  Some  of  the  gear  began  to  rust.  Also,  vision  blocks  became 
fogged,  which  would  have  made  combat  operations  very  hazardous. 

Thus,  it  seems  clear  that  ETs  in  a tank  operating  buttoned  up  under 
hot,  humid  climatic  conditions  would  be  substantially  higher  than  those- 

ft 

,S.  Hicks.  Thi'  F.‘"i e.  'tr.  of  <’(»:/.»  wr-.'o'  f hr  Prrfor^-w.'r  of  Cnr::hir 

/?<••.  -iwi!  t.  :;h.  1 h;,  Rrpov! , Technical  Memorandum  1 6-64  . US  Army 

Human  Engineering  Laborator ies , Aherdccn  Proving  Ground,  Maryland, 

1964. 


obtained  in  this  study,  and  almost  certa  !y  up  in  the  critical  range 

9 

above  86°.  Kennedy,  et^  al,  point  out,  in  the  context  of  shelters 
against  nuclear  weapons  effects,  that  humidity  will  approach  100  percent 
and  temperatures  will  rise  well  above  80°  in  a crowded  shelter  in  a few 
hours.  If  the  effects  of  external  temperatures  well  above  80°,  are 
added  co  this,  along  with  the  heat  generated  by  the  tank  engine,  and 
some  degree  of  exertion  by  the  tank  crew,  ETs  in  the  tank  will  certainly 
rise  into  the  critical  range.  Kennedy,  et  al. , recommend  ventilation 
and  a minimum  of  15  cubic  feet  per  occupant  if  external  temperatures 
exceed  80°F.  How  to  implement  these  recommendations  for  tank  crews 
poses  a real  challenge  to  designers. 


Q 

T.  Kennedy,  B.  Hoot,  J.  Ball,  and  P.  Rieck.  F.rj)edte'nt  Field  Fortifi- 
cat ions  for  Use  Against  Nuclear  Weapons,  Final  Report,  Technical 
Report  N-74-7,  US  Army  Engineer  Waterways  Experiment  Station,  Weapons 
Effects  Laboratory,  Vicksburg,  Mississippi,  September  1975. 
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SPECIAL  HATCHES  STUDY:  ESCAPE  AND  EVACUATION  OF 
WOUNDED  PERSONNEL  FROM  TANKS 

Part  I:  Background,  Problem  and  Approach 
Background  and  Military  Problem 

The  basis  for  the  initiation  of  this  investigation  was  a Human 
Resources, Need  (HRN)  submitted  by  the  2nd  Armored  Division  (2nd  AD), 

Fort  Hood,  Texas,  for  research  into  "tank  escape  systems." 

The  concern  of  the  2nd  AD  was  based  on  experience  by  some  of  their 
personnel  during  the  Vietnam  Conflict  in  which  the  enemy  successfully 
employed  Rocket  Propelled  Grenades  (RPGs)  against  US  armored  vehicles. 

RPGs  and  secondarily  antitank  mines  constituted  the  most  critical  threat 
to  tanks  and  Armored  Personnel  Carriers  (APCs) . The  capability  of  newly 
developed  antitank  weapons  are  capable  of  penetrating  almost  any  exist- 
ing tank.  The  proliferation  of  these  weapons,  down  to  the  level  of  the 
individual  soldier,  indicates  a need  for  a critical  examination  of  tank 
escape  systems. 

A second,  but  highly  related  concern  is  the  evacuation  of  a wounded 
or  injured  crewman  from  within  the  tank.  At  present,  it  ! ;.  extreme  e 
difficult  to  remove  an  unconscious  or  physical ly  disabled  rrewman  due  to 
the  limited  internal  space  and  small  size  of  the  hatch  openings.  Evacuation 
of  the  driver  in  extremely  difficult  if  the  turret  drive  system  is 
disabled  with  the  turret  in  the  forward  position.  The  injured  driver 
must  either  be  lowered  o the  ground  beneath  the  tank  through  the  driver'- 
escape  hatch,  or  moved  into  the  turret,  and  removed  through  either  the 


loader's  or  tank  commander's  hatches.  Tank  designers  appear  to  have 
given  little  consideration  to  evacuation  requirements. 

In  discussions  with  2nd  AD  personnel,  a further  concern  was  ex- 
pressed over  reports  that  some  tank  units  did  not  use  a gunner  during 
the  Vietnam  Conflict.  In  this  case,  the  main  gun  was  fired  from  the 
commander's  position.  Personnel  of  the  2nd  AD  hypothesized  that  the 
elimination  of  the  gunner  was  due  to  a feeling  that  his  performance 
could  be  adversely  affected  by  his  vulnerability  to  enemy  antitank 
weapons.  The  tank  gunner,  more  than  any  other  crewman,  is  vulnerable  to 
enemy  fire  penetrating  the  turret  wall.  Furthermore,  of  current  US 
tanks  only  the  M60A2  provides  the  gunner  with  his  own  hatch.  Therefore, 
in  most  tanks,  he  is  almost  certain  to  be  the  last  man  out  if  the  crew 
is  forced  to  escape.  This  concern  over  this  possible  elimination  of  tne 
gunner  due  to  his  vulnerability  lent  impetus  to  2nd  nD's  interest  in 
tank  escape  systems.  They  felt  that  it  was  necessary  to  determine  the 
requirements  for  and  cost  effectiveness  of  changing  tank  designs  and/or 
modifying  existing  tanks  to  improve  chances  of  escape.  In  addition, 
they  felt  an  investigation  should  be  made  into  the  possibility  of 
developing  training  programs  intended  to  overcome  the  disadvantages  of 
current  tank  design. 

Although  not  specifically  addressed  by  the  2nd  AD,  another  related 
problem  is  the  rescue  of  wounded  ground  personnel  by  the  tank  crew. 
During  WWIt  this  means  of  rescue  was  not  uncommon.  The  tank  would  be 
positioned  over  the  wounded  soldier  so  as  to  protect  him  from  further 
enemy  fires,  and  he  would  be  lifted  into  the  tank  through  the  driver's 
escape  hatch.  Such  an  operation  would  be  extremely  difficult  in  our  M60 
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series  of  panks,  as  the  driver's  escape  hatch  is  located  almost  directly 
und* r the  driver's  seat.  Work  space  in  the  driver's  compartment  is 
extremely  limited,  and  the  driver  would  obviously  be  unable  to  move  the 
tank  until  the  wounded  soldier  was  removed  to  the  turret  and  the  seat 
. reset. 

Research  Problem  and  Approach 

At  the  outset,  virtually  nothing  was  known  about  any  previous  work 
on  escape  and/or  evacuation,  about  the  amount  or  kind  of  training  crew- 
men receive(d)  on  these  subjects,  nor  about  crewmen's  ati.itudes  con- 
cerning the  adequacy  of  current  escape  systems  and  any  associated 
training  programs.  Therefore,  as  a first  step,  it  was  necessary  to 
determine  what  work  in  the  area  had  been  accomplished,  and  what  work,  if 
any,  was  in  progress.  To  this  end,  a survey  of  the  literature  was 
conducted,  and  knowledgeable  personnel  in  a number  of  both  military  and 
civilian  agencies  were  contacted. 

The  second  step  was  the  development  and  administration  of  a ques- 
tionnaire to  armor  personnel  with  actual  experience  in  escape  and/  u 
evaluation  from  armored  vehicles.  The  questionnaire  was  destined  pri- 
marily to  obtain  information  relevant  to  the  2nd  Ah's  concern  , taking 
into  account  the  information  obtained  from  the  literature  survey  and 
other  workers  in  the  armor  field.  The  decision  to  survey  only  personnel 
with  first-hand  experience  in  escape  or  evacuation  was  based  on  the 
notion  that  their  experience  would  allow  them  to  make  an  informed  judg- 
ment concerning  escape  and  evacuation  needs.  Those  without  such  experience 
might  have  given  the  subjects  little  previous  thought,  and  their  specu- 
lations would  likely  only  add  "noise"  to  the  results. 
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The  results  of  the  effort  outlined  above  are  reported  below  in  two 
parts.  Part  II  deals  with  the  attempt  to  garner  all  of  the  currently 
available  information  On  escape  and  evacuation.  Part  III  deals  with  the 
administration  and  findings  of  the  questionnaire,  and  presents  a brief 
summary  of  the  overall  effort. 

Part  II:  Results  of  the  Information  Survey 
Personal  Contacts 

Personnel  involved  in  the  development  and/or  testing  of  tanks  and 
associated  systems  were  contacted  in  the  Armor  School,  Fort  Knox, 
Kentucky,  the  ARI  Field  Unit  at  Fort  Knox,  the  HumRRO  office  at  Fort 
Knox,  the  Human  Engineering  Laboratories  (HEL) , and  the  Chrysler  Defense 
Corporation.  The  results  were  disappointing.  So  far  as  could  be  deter- 
mined, there  was  no  ongoing  work  concerned  specifically  with  escape  or 
evacuation,  nor  was  any  planned  in  the  foreseeable  future.  A number  of 
incidental  items  of  information  were  obtained,  but  they  were  largely 
Irrelevant  to  the  objectives  of  this  research.  The  only  relevant  infor- 
mation came  from  conve.  ations  with  personnel  at  the  ARI  Field  Unit  at 
Fort  Knox.^  It  was  ascertained  that  training  materials  were  being 
prepared  by  the  Armor  School  for  crew  drills  which  include  escape  and 
evacuation.  The  task,  conditions,  and  standards  for  for  each  type  of 
drill  and  the  procedures  for  each  member  to  follow  are  being  specified. 

These  drills  are  now  in  draft  form  and  are  planned  for  publication 

2 

sometime  during  the  summer  of  1977. 

^Personal  communication  from  Dr.  K.  T.  Bauer,  ARI  Field  Unit,  Fort  Knox, 
Kentucky,  March  1977. 

2 

^Personal  communication  from  CPT  Dale  Stewart,  Directorate  of  Training 
Development,,  US  Army  Armor  School,  Fort  Knox,  Kentucky,  March  1977. 
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The  only  conclusion  that  could  be  drawn  from  these  personal  con- 
ta-'s  was  that  there  was  little  interest  in  escape  or  evacuation  in  the 
rcsearrl,  and  training  communities  associated  with  armor. 

Literature 

The  primary  sources  consultei  in  conducting  the  literature  survey 
were  the  Defense  Documentation  Center  (DDC)  and  the  Engineering  Ab- 
stracts. Again,  the  results  were  disappointing.  A search  of  the 
Engineering  Abstracts  for  the  previou  five  years  revealed  only  infor- 
mation concerned  with  escape  and  evacuation  from  submarines  ana  aircraft. 
Examination  of  some  of  these  reports  proved  'hem  to  be  irrelevant  to  the 
armor  problem.  Despite  an  intensive  search  employing  a wide  variety  of 
Identifiers,  only  three  reports  of  relevance  were  located  in  DDC.  Only 
one  of  these  was  actually  concerned  with  crew  escape  from  a tank  in  an 
emergency.  Because  of  the  meagre  literature  on  the  subject,  each  of  the 
three  relevant  reports  located  will  be  reviewed  in  some  depth. 

An  investigation  by  Dickinson  and  Horley  compared  crew  escape 
times  from  the  proposed  MBT  70  under  various  emergency  conditions  to 
escape  times  for  the  M60A1  tank.  The  proposed  MBT  70  design  necessi- 
tated moving  the  driver's  escape  hatch  from  the  front  of  the  hull  ( . 
the  M60AI)  to  a central  location  under  tlv  turret.  This  move  beconi  ■■ 
necessary  because  the  driver,  gunner,  and  tank  commander  were  all  to  be 
located  within  the  turret.  The  Dickinson  and  Horley  study  consisted  of 
two  parts.  Part  I determined  the  crew's  tactical  emergency-escape 

7 

,JN.  F.  Dickinson  and  G.  L.  Horley.  !Kl/F:\G  MBT-70,  Cm > cK-rty  <->>!,*:,  Fa-vr’C 
Ctu'iy,  Technical  Note  6-68,  US  Army  Human  Engineering  Laboratories, 
Aberdeen  Proving  Ground:,  Maryland,  March  1963. 
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capabilities  from  the  MET  70  under  the  worst  and  best  conditions  for 
turret  azimuth  position,  and  compared  these  results  to  similar  condi- 
tions in  the  M60A1  tank.  Part  II  investigated  the  feasibility  of  escape 
through  the  bottom  escape  hatch,  should  the  tank  be  upset.  In  addition, 
the  investigators  examined  the  ease  of  gaining  access  to  the  interior  of 
the  MBT  70  from  the  outside  through  the  escape  hatch.  Access  from  the 
outside  would  be  important  in'  the  event  the  tank  overturned.  In  this 
instance,  it  might  become  necessary  to  gain  access  to  evacuate  wounded 
or  injured  personnel.  A simil;  r investigation  was  not  made  with  the 
M60A1  tank  as  the  escape  hatch  is  not  designed  for  removal  from  the 
outside. 

The  investigators  initially  found  that  the  MBT  70  emergency  escape 
system  was  not  workable.  They  then  modified  the  escape  system  and  the 
data  presented  in  the  study  basically  reflects  escape  with  their  modi- 
fied MBT  70  system.  They  compared  escape  times  on’y  through  the  escape 
hatch  in  the  bottom  of  both  tanks.  No  escape  times  were  collected  for 
exits  through  the  other  hatches.  The  crew  participating  in  the  study 
carried  their  personal  weapons  (M3  submachinegun,  caliber  .45  pistol) 
and  wore  the  typical  tanker  gear  (CVC  helmet,  combat  boots,  etc.). 

Crew  mean  escape  times  from  the  M60A1  averaged  59.2  seconds  under 

the  worst  condition  and  24.1  seconds  under  the  best  condition.  Under 

the  worst  condition,  the  position  of  the  turret  caused  ammunition  for 

the  main  gun  to  block  access  by  turret  personnel  to  the  driver's  escape 
4 

hatch.  The  escape  hatch  in  the  M60A1  is  located  directly  under  the 
driver's  position.  The  loader  needed  a mean  time  of  32.0  seconds  to 

4 

It  was  assumed  that,  under  the  worst  condition  that  the  tur-et  was  dis- 
abled, and  therefore  could  not  be  lotated.  In  the  best  condition,  it 
was  assumed  that  the  turret  was  either  in  the  best  position  or  could 
be  rotated  into  this  position. 
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remove  the  rounds  before  turret  cvew  members  could  gain  access  to  the 
escape  hatch. 

Timing  of  escape  from  the  M60  in  the  best  position  comm* need  after 
the  turret  was  rotated  180°.  This  movement  resulted  in  unobstructed 
access  to  the  escape  hatch  by  turret  crewmen.  If  timing  had  started 
with  turret  movement,  the  mean  times  to  escape  would  be  inflated  by  the 
time  required  for  the  turret  to  traverse  (31.6  seconds  instead  of  the 
24.1  seconds  reported). 

Escape  times  for  the  centrally  located  MBT  escape  system  were  65.2 
seconds  for  the  best  and  88.0  seconds  for  the  worst  conditions  as  dic- 
tated by  the  position  of  the  turret.  As  can  be  seen,  these  times  compare 
very  unfavorably  with  the  times  reported  for  the  M60A1 . 

Dickinson  and  Horley  cautioned  that  under  tactical  conditions  in 
forward  areas  during  a silent-watch  mission,  an  escape  hatch  which  could 
be  opened  from  the  outside  could  be  released  by  the  enemy  without  the 
crew's  knowledge.  However,  the  present  authors  feel  that  the  provision 
of  outside  access  has  merit,  especially  when  the  crew  is  injured  or  wlvn 
the  turret  is  in  a position  to  prevent  the  crew  from  releasing  the 
escape  hatch.  A simple  ant  i- intrusion/tamper  device  could  alert  the 
crew  to  the  enemy  presence  under  the  silent-watch  condition. 

The  Dickinson  and  Horley  report  prov'ties  guidelines  for  the  design 
of  future  tank  escape  systems.  They  point  out  that  if  a tank  escape 
system  permits  personnel  outside  the  tank  to  rescue  the  crew,  the  system 
must  not  require  special  tools  or  equipment.  This  equipment  will  prob- 
ably not  be  readily  available  under  tactical  or  even  training  conditions. 
As  regards  training.  Dickinson  and  Horley  noted  that  efforts  must  be 
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made  to  ensure  that  practice  in  escape  does  not  damage  operating  equip- 
ment. The  MBT  70  escape  system  created  potentially  troublesome  problems 
for  maintenance.  MBT  crews  were  required  to  remove  a slip-ring  in  the 
turret  for  each  escape  exercise.  The  slip-ring  was  generally  damaged  by 
removal,  which  could  have  caused  its  failure  and  a malfunction  of  the 
overall  turret  control  system. 

One  of  the  design  requirements  for  the  MBT  70  tank  was  to  provide 
crew  members  with  safety  devices  such  as  seat  belts  and  shoulder  har- 
nesses. These  devices  were  intended  to  minimize  injury  to  a crew  in 
case  the  tank  rolled  over.  No  US  tank  in  current  use  has  provision  for 
safety  harnesses  or  seat  belts  at  any  of  the  crew  stations.  Dickinson 
and  Horley  point  out  that  if  restraining  devices  are  considered  for 
future  use,  they  must  be  designed  so  that  no  crew  member  could  be  trapped 
or  impeded  in  escaping  quickly  from  the  tank  in  an  emergency.  They 
should  also  be  designed  so  that  personnel  evacuating  wounded  or  injured 
crew  members  could  easily  and  quickly  unfasten  the  restraining  device. 

In  an  older  but  still  relevant  study,  Williams'1*  evaluated  the 
effects  of  fire  bombs  dropped  by  aircraft  against  the  T26E4  tank.  It 
was  concluded  that  after  being  hit  it  would  have  been  possible  for  the 
crew  to  evacuate  the  tank  immediately,  or,  if  conditions  dicated,  to 
have  waited  five  minutes  for  the  fire  t6  subside  before  evacuating.  The 
crew  could  then  fight  the  fire  and  pTabably  remount  and  continue  as  an 
effective  unit.  This  investigation  is  cited  tr  point  out  that  a tank 
crew  may  have  *’0  evacuate  (escape)  in  order  to  protect  and  save  their 
weapons  system,  and  not  just  for  survival. 

'C’j.  R.  Williams.  Terminal  Ballistic  Tests  of  Fit'e  lUmhs  Against  the 

TZZ'FA  Tank , Report  No.  770,  Ballistic  Research  Labs,  Aberdeen  Proving 

Ground,  Maryland  , .June  1951. 
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Reeves  and  Vikestead0  did  not  directly  study  escape  systems. 

Ik  lever,  some  of  their  conclusions  and  recommend  'ons  should  be  con- 
sidered when  planning  and  designing  escape  systems.  For  example,  they 
con  ?nd  that  the  greatest  hazard  to  the  crew  is  the  potential  for 
explosion  or  fire  created  by  the  storage  of  main  gun  ammunition  and  fuel 
in  the  crew  compartment.  These  items  are  particularly  hazardous  due  to 
the  crew's  confinement  and  difficulty  of  escape.  Reeves  and  Vikestead 
point  out  that  compartmentalization  of  fuel  and  ammunition  and  isolation 
of  these  items  away  from  the  crew  compartment  should  considerably  reduce 
casualties. 

These  authors  also  felt  that  the  spall  (metal  ejected  from  the 
inner  surfaces  of  the  tank  when  hit)  created  by  mines,  large  caliber 
kinetic  energy  projectiles,  or  heat  projectiles  was  also  a major  hazard. 
They  recommend  the  placement  of  ballistic  cloth  blankets  in  the  crew 
compartment.  This  measure  should  minimize  casualties  from  spall  or  from 
fragments  of  penetrating  projectiles.  The  addition  of  spall  linen  to 
the  interior  walls  and  floor  should  also  be  considered.  All  of  their 
recommendations,  if  implemented,  should  greatly  reduce  any  crew  anx- 
ieties concerning  their  own  safety  and  survival. 

The  only  concrete  suggestions  concerning  the  conf igurat ion  of 
escape  hatches  for  tanks  were  found  in  the  Military  Standardization 
Handbook. ^ This  publication  stated  that  ".. .escape-hatch  dimensions 


ft  ......... 

H.  .1.  Reeves  and  W.  S.  Vikesterd.  fjc'r.rr  > ’ /Vi /'►>  Vuint'r-V'i  ; • 

Fe.-h+'tion  of  i “tin  Rattif  i'-mk,'  BRL  Memorandum  Report  No.  23-21,  USA 
Ballistics  Research  l.ahs,  Aberdeen  Proving  Ground,  Maryland,  August 
1973. 
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should  be  based  on  three  factors:  (a)  the  work  area  personnel  must 
escape  from,  (b)  the  equipment  and  clothing  they  will  be  wearing,  (c) 
the  environment  they  wi'  enter."  General  guidelines  to  escape  hatch 
design  were: 

Hatches  should  open  with  a single  motion  of  the  foot  or  hand. 

* Operating  force  should  be  less  than  50  pounds  for  handles  or 
pushbuttons. 

* Hatches  placed  overhead  should  weigh  less  than  50  pounds  and 
should  be  opened  by  force  of  gravity. 

* Rectangular  hatches  should  be  a minimum  of  16  x 24  inches  with 
20  x 28  inches  preferred. 

Square  hatch  openings  should  be  a minimum  of  18  inches  with  22 
inches  preferreu 

* Circular  hatch  openings  should  be  a minimum  of  22  inches  with 
28  inches  preferred. 

* Floor  mounted  escape  hatches  shou’d  not  be  obstructed  by  seats 
or  other  equipment  and  locking  and  unlocking  mechanisms  should 
operate  with  30  pounds  or  less  of  force. 

* Floor  mounted  escape  hatches  should  be  at  least  22  inches  in 
diameter  and  should  have  at  least  18  inches  of  clearance  from 
bottom  of  the  hatch  to  the  ground. 

Some  of  the  more  relevant  general  guidelines  concerning  access  to 

hatches  are  cited  for  designing  crew  stations  in  combat  vehicles. 

There  should  be  adequate  handgrips  and  footsteps  to  help  the 
crew  reach  the  hatches  easily  and  safely  from  the  ground. 
fUnfor tunately  in  tanks  the  only  footholds  are  the  fronc 
towing  pintles  and  in  some  units  they  were  removed  so  they 
would  not  be  stolen  or  lost.  Mounting  on, the  side  of  the 
vehicle  is  unsafe  as  the  crewmen  cot.H  be  injured  in  the 
roadwheels  if  the  vehicle  was  accidentally  moved.  No  speci- 
fically designed  hand-holds  are  provided  on  tanks,  and 
individuals  who  are  small  have  difficulty  in  mounting  the 
tank.'**) 

* All  hatches  and  doors  should  he  large  enough  to  admit  fully 
equipped  95th  percentile  operators. 


Statements  in  parenthesis  are  the  present  authors'. 
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There  should  he  a clear  path  from  taeh  hatch  to  the  crew 
position(s)  it  serves.  Men  lu  a hurry  should  not  have  to 
squeeze  around  obstacles,  or  avoid  tripping  over  fire  ex- 
tinguishers, cables,  or  the  like. 

i'iii  guidelines  incorporated  in  the  Military  Standard  izat  ion  Hand- 
book are  not  intended  to  be  mandatory,  but  are  furnished  to  b’^igners 
mainly  f or , in  format iona I purposes. 

Summary  and  Conclusions 

The  literature  is  as  interesting  for  what  it  does  not  address  as 
for  what  it  does  address.  Expressed  concerns  over  crew  safety,  in- 
cluding escape  or  evacuation,  are  quite  limited  and  evidence  of  concern 
by  tank  designers  is  lacking.  For  example,  from  the  little  literature 
located,  it  can  be  concluded  that: 

(a)  An  escape  hatch  in  the  button  of  the  hull  is  desirable  in 
case  the  tank  turns  over,  hut  it  should  be  capable  of  being  opened  from 
the  outside  with  no  special  tools,  and  should  be  equipped  with  some  kind 
of  anti-intrusi'  i device.  (Mote  that  the  Chrysler  Defense  Corporal  •'  ->n 
version  of  the  XM-l  as  recently  proposed  does  not  have  a bottom  hatch.) 

(h)  Crew  members  should  be  equipped  with  safety  devices  such 
as  harnesses  or  seat  belts  with  quick-release  features.  (;;•  u t!  o .... 
current  tanks  have  these  features.) 

(c)  Spall  liners  (ballistic  cloth)  should  he  provided  t- 
minimize  injury  in  the  event  that  the  tank  is  li  i t . (Note  that  no  cur- 
rent tanks  have  spall  liners;  the  proposed  XM-l.  does.) 

(d ) Fuel  and  ammunition  she. .Id  he  compartmentalized  outside 
th"  crew  compartment  to  reduce  the  hazard  to  crewmen.  (Vote  that  in 
current  tanks  ammunition  is  stored  in  the  crew  compartment.  The  XM-l 
has  compartmentalized  main  gun  ammunition.) 
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(e)  Hatches  should  conform  in  size  and  shape  to  those  iecom- 
mended  in  human  engineering  guides. 

In  addition,  the  present  authors  hold  a number  of  conclusions  not 
addressed  in  the  literature.  These  concerns  can  perhaps  best  be  ex- 
pressed as  a series  of  unanswered  questions  concerning  tank  escape 
systems.  For  example:  How  is  escape  and/or  evacuation  of  wounded 
affected  by  the  wearing  of  NBC  gear?;  What  provisions  should  be  made  for 
escape  during  an  emergency  in  deep-water  fording?;  and,  What  actions 
should  a crew  take  after  escaping  from  a disabled  tank? 

Other  questions  could  be  asked.  Perhaps  the  most  important  ques- 
tion concerns  the  attitude  of  crewmen  toward  the  adequacy  of  current 
escape  systems.  This  question  will  be  addressed  in  Part  III  of  this 
chapter. 

Part  III:  Analysis  of  the  Escape  and  Evacuation  Questionnaire 
Introduction 

At  the  outset  it  was  realized  that  the  proportion  of  tankers  with 
personal  experience  in  either  escape  or  evacuation  of  wounded  or  injured 
personnel  would  be  quite  small,  and  that  any  one  individual's  experience 
was  likely  to  be  limited  to  one,  or  at  most  two,  incidents.  Therefore, 
it  was  realized  that,  aside  from  descriptions  of  verifiable  incidents, 
most  of  the  information  obtained,  even  from  experienced  personnel,  would 
necessarily  be  largely  subjective  opinion.  However,  opinion  and  atti- 
tude data  should  be  quite  valuable  in  planning  training  programs.  For 

9 

example,  Smith  and  Cox  found  that  orientation  training  was  an  effective 


.9 

R.  Smith,  Jr.,  and  J.  Cox, 

Radiation,  AFPTRC-TN-57-] 9 
Research  Center,  Air  Rosea 
February  1957. 
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approach  to  alleviating  fears  associated  with  work  in  the  nuclear  field. 
They  concluded  that  stress  and  anxiety  could  be  reduced  by  providing  a 
realistic  orientation  to  the  situation,  and  by  training  personnel  to 
cope  with  emergencies.  It  seems  likely  that  these  same  principles 
should  be  applicable  in  alleviating  anxieties  associated  with  escape  and 
evacuation  from  tanks.  Responses  to  a questionnaire  designed  to  tap 
these  anxieties  will  be  useful  in  providing  direction  for  the  develop- 
ment of  training  to  enable  tankers  to  cope  with  their  concerns.  It 
should  be  noted,  however,  that  opinions  concerning  the  technical  aspects 
of  escape  and  evacuation1  systems  probably  cannot  be  taken  at  full  face 
value.  However,  they  shoul  1 provide  tank  designers  with  some  useful 
hypotheses  for  further  consideration  and  testing. 

With  the  above  caveat  in  mind,  a questionnaire  was  designed.  Items 
were  written  to  obtain  information  relevant  to  all  of  the  expressed 
concerns  of  the  2nd  AD.  However,  additional  items  were  constructed 
based  on  information  obtained  from  the  literature  and  person  il  cnnt  lets. 
A copy  of  the  final  version  is  shown  as  Appendix  A.  ihe  findings  are 
summarized  below. 

Participants 

Participants  in  the  survey  came  from  the  following  m.litiiy  units: 

(a)  US  Army  Armor  School  (staff  and  students),  Fort  Knox,  Kentucky, 

(b)  Armor  School  Brigade,  Fort  Knox,  and  (c)  2nd  Armored  Division,  Fort 
Hood,  Texas  Participation  in  the  survey  was  limited  to  individuals 
reporting  experience  in  escape  from  a tank  or  aiding  in  the  evacuation 
of  injured  or  wounded  personnel,  either  in  peacetime  cr  during  combat. 


The  total  number  of  respondents  participating  in  the  survey  was  33.  The 


sample  size  was  limited  by  a scarcity  of  individuals  in  the  service  with 
relevant  experience.  A few  participants  had  no  direct 1 personal  experi- 
ence with  escape  or  evacuation,  but  were  included  because  of  their 
stated  personal  familiarity  with  the  escape  problem  and  a desire  to 
participate.  The  questionnaire  was  administered  by  HumRRO  personnel 
during  February  and  March  1977. 

Personal  data.  Thirteen  participants  were  officers,  ranking  from 
captain  to  lieutenant  colonel.  Twenty  were  noncommissioned  officers; 
three  E6s,  thirteen  E7s,  and  four  E8s.  Nine  of  the  respondents  were 
aged  20  to  29,  seventeen,  30  to  39,  and  seven,  40  to  49.  Average  time 
served  in  the  Army  was  14.9  years,  with  an  average  of  12.9  years  in  the 
Armor  Branch. 

Experience  in  armor.  Twenty-two  of  the  respondents  had  actually 
served  in  tanks  during  combat,  while  11  reported  no  tank  combat  experi- 
ence. Respondents  were  not  asked  to  report  if  they  had  non-armor  combat 
experience.  Two  individuals  saw  extensive  combat  on  the, M113  ACAV 
vehicle,  which  was  employed  much  like  a tank  in  Vietnam.  However,  their 
responses  were  included  in  the  non-combat  category  due  to  the  marked 
design  differences  between  the  escape  systems  of  tanks  and  APCs.  The 
majority  of  the  respondents  (24)  served  in  Vietnam  with  two  indicating 
combat  service  with  tanks  in  Korea.  Most  combat  experience  was  gained 
in  the  M48A3  tank  and  the  M551  airborne  reconnaissance  assault  vehicle. 
Of  tanks  in  the  current  inventory,  the  respondents  reported  greatest 
familiarity  with  the  M60  series  followed  by  the  M551.  However,  re- 
spondents reported  serving  in  a total  of  16  <ii J'j'etvnf  Li>:k  me  /<•/<».  Most 
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respondents  reported  experience  as  tank  commander  or  gunner.  Relatively 
fe*  reported  serving  as  a loader  or  driver. 

Anthropometry.  Each  respondent  was  asked  to  indicate  his  body 
frame  by  stating  his  normal  shirt  size.  It  was  thought  an  individual's 
size  and  weight  would  have  some  bearing  on  how  he  responded  to  questions 
concerned  with  getting  in  and  out  of  confined  spaces.  The  assumption 
wa  ; that  individuals  who  were  smaller  in  stature  would  indicate  fewer 
difficulties  with  the  present  tank  escape  system  than  individuals  of 
larger  stature. 

The  median  height  reported  by  the  group  was  approximately  5' 11". 
When  compared  to  the  ant hropomet r ic  data  presented  for  Air  Force  cadets 
in  the  1972  Human  Engineering  Guide;  to  Equipment  Design,  ^ this  median 
height  would  place  them  in  approximately  the  75th  percentile  for  height. 
Their  height  would  place  them  slightly  above  the  85th  percentile  for  Air 
Force  gunners./^  This  comparison  is  relevant  as  Air  Force  gunners  must 
operate  in  confined  spaces  much  like  tank  ciews.  It  is  inferos*  Jap  ' 
note  that  the  respondents  were  generally  taller  and  heavier  than  one 
would  expect  to  find  in  a career  field  where  much  time  is  spent,  working 
in  small,  confined  spaces. 

As  compared  to  the  overall  height  < i PS  Army  personnel,  the  pe  .up  . 
median'  height  of  71  inches  places  it  ai-eve  tin-  80th  per  entile.  Accord- 
ing to  MI L-HDRK- 7 59, ^ the  median  height  for  the  group  is  above  the  75th 
in 

II.  P.  Van  Co  1 1 and  R.  G.  Finkade  (ed.).  Hun  vi  £>;./ ' >t.  v k / <7;<  .'•?<:  V 
now  fwnt  / Vv? we  (rev.  ed  . ) , Wash  i ngt  on  , D.C.:  PS  Government  Print  in. 
Office,  1972. 
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percentile  for  US  Army  armor  crewmen  (these  anthropometric  data  were 
collected  in  1966). 

The  median  weight  of  190  pounds  for  the  group  is  above  the  75th 
percentile  for  armor  crewmen,  while  the  median  weight  of  190  pounds 
places  them  at  the  90th  percentile  compared  to  all  Army  personnel  as 
reflected  by  t;he  data  collected  in  1966.  Fifteen  participants  reported 
a medium  frame,  whereas  11  had  a large  frame.  Only  four  reported  a 
small  frame  and  two  an  extra-large  frame. 

Since  the  collection  of  anthropometric  information  was  begun,  the 
average  soldier  in  each  successive  war  has  been  taller  and  heavier  In 
apparent  defiance  of  this  trend,  the  amount  of  space  allocated  to  the 
crews  of  fighting  armored  vehicles  has  become  less  and  less.  Space 
becomes  even  more  critical  with  the  addition  of  standard  full  combat 
dress  or  special  cold  weather  clothing  or  NBC  gear.  For  example,  the 
effective  height  of  an  individual  is  increased  by  2.65  inches  when 
wearing  the  standard  uniform.  This  uniform  includes  underwear,  shirt, 
trousers,  fatigues  or  shorts,  socks,  and  steel  helmet  with  liner.  In 
addition,  combat  field  clothii.,*  can  add  up  to  18.6  pounds  to  an  indi- 
vidual's weight.  Winter  clothing  or  NBC  protective  gear  for  armor 
crewmen  will  add  considerably  to  this  weight  and  bulk,  thus  compounding 
the  problems  of  escaping  and  removing  wounded  or  injured  personnel  from 
the  interior  of  the  tank. 

Escape  and  Evacuation  Experienc e 

Escape  t.rai  ni  ng . Approximately  half  of  the  group  received  prior 
training  on  tank  escape  at  some  time  in  their  armor  service;  the  remain- 
ing half  received  no  training  in  escape.  Only  two  individuals  indicated 
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they  had  received  their  training  during  the  1970s.  Most  of  the  training 
was  received  in  the  1950s  and  1960s.  These  periods  coincide  with  the 
Korean  and  Vietnam  conflicts.  Apparently,  escape  training  is  emphasized 
only  in  times  of  war.  Informal  conversations  with  experienced  tankers 
and  discussion  with  training  personnel  indicate  that  current  training  in 
escape  is,  for  all  practical  purposes,  nonexistent. 

Of  the  individuals  who  were  trained  in  escape,  the  initial  training 
was  usually  by  the  unit  (company)  cadre.  This  training  consisted  of  an 
average  of  four  hours  of  instruction.  When  the  group  was  asked  to 
estimate  the  total  amount  of  training  they  had  received  in  escape  during 
their  period  of  service,  their  responses  ranged  from  one  to  100  hours, 
and  averaged  eight  to  ten  hours.  This  amount  of  time  is  small  when 
compared  to  the' average  length  in  armor  of  12.9  years.  Fourteen  indi- 
vidualis  reported  being  trained  to  escape  through  the  driver's  escape 
hatch.  However,  two  of  the  respondents  receiving  escape  training  indi- 
cated they  did  not  receive  training  in  exiting  through  the  driver's 
escape  hatch.  Twenty-four  of  the  33  respondents  indicated  that  the 
training  t.im  f’f  raoapr  nh-'ulrf  bo  inarran/’d,  while  eight  ielt  it  should 
be  left  as  it  is.  . 

As  part  of  their  training,  some  armor  crewmen  were  trained  to 
rescue  wounded  ground  personnel  through  the  driver's  escape  hatch.  The 
escape  hatch  would  be  dropped  and  the  tank  would  be  driven  into  a posi- 
tion over  the  wounded  person.  This  type  of  rescue  was  employed  if  an 
individual  was  wounded  and,  due  .to  heavy  small-arms  fire,  could  not  In 
reached  by  other  means.  The  tank,  being  impervious , to  such  fire,  could 
perform  rescue  operations  in  this  manner.  However,  a rescue  of  this 
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nature  was  reported  by  only  one  oc  the  respondents.  In  this  instance, 
an  M24  tank  was  used,  which  has  the  escape  hatch  located  behind  the  bow 
gunner.  Twelve  of  the  respondents  had  been  trained  in  this  method, 
while  21  had  not.  With  the  tanks  currently  in  the  inventory,  this 
method  of  evacuation  is  difficult  to  accomplish,  as  the  escape  hatch  is 
almost  directly  under  the  driver's  seat.  With  current  tanks,  a success- 
ful rescue  would  depend  solely  on  the  driver's  ability  to  pull  the 
wounded  person  into  the  vehicle,  leaving  the  driving  controls  unattended. 

Escape  experience.  Twelve  of  the  respondents  reported  escaping 
from  a tank  during  training  and  10  during  combat.  Of  the  respondents 
who  escaped  during  combat,  the  majority  had  to  escape  only  once;  four 
escaped  twice,  two  escaped  three  times,  and  two  escaped  four  times.  One 
individual  escaped  four  times  from  an  M113  ACAV  vehicle  and  another 
individual  escaped  three  times  from  an  M113  APC.  The  majority  of  the 
individuals  who  reported  escape  experience  were  tank  commanders  at  the 
time.  In  11  instances  their  vehicle  was  disabled  by  an  enemy  tank  or 
antitank  weapon,  in  seven  instances  the  tank  was  hit  Ly  a mine,  in  three 
instances  the  tank  was  burning.  One  of  the  respondents  indicated  that 
his  tank  hit  antitank  mines  on  eight  different  occasions,  but  only  once 
was  it  necessary  to  ev  cuate  the  crew.  Another  individual  reported 
being  hit  three  times  by  RPGs , on  two  of  those  occasions  the  crew  escaped 
because  of  injured  personnel. 

Six  individuals  reported  escaping  during  training  once,  while  four 
escaped  twice.  Most  of  these  were  tank  commanders  at  the  time.  Fire 
was  the  predominant  reason  for  escaping  during  training,  while  a driving 
accident  was  the  second  most  prevalent  reason. 


III-18 


Evacuation  training.  Eighteen  respondents  reported  receiving 


training  in  evacuation,  while  15  received  no  faining.  Four  respondents 
indicated  the  training  took  place  from  1971  through  19/6.  The  majority, 
however,  received  their  training  during  the  1950s  and  1960s.  Only  two 
respondents  indicated  that  this  trtining  included  emergency  medical  care 
or  was  conducted  in  conjunction  with  medical  personnel.  One  respondent 
reported  a personal  experience  of  an  accident  in  which  the  crew  were 
thought  to  have  broken  backs.  Based  on  this  experience,  this  respondent 
instigated  a training  program  with  medical  help  and  supervision.  It 
seems  unfortunate  that  it  took  an  accident  to  reveal  the  need  for  tank 
crews  to  have  some  basic  medical  skills  which  would  allow  them  to  care 
for  injured  or  wounded  personnel  until  the  arrival  of  competent  medical 
help. 

Training  in  evacuation  was  usually  conducted  by  the  unit  (company/ 
troop)  cadre.  Four  respondents  indicated  they  received  their  training 
by  the  unit  cadre  during  Advanced  Individual  Training  (AIT).  The 
respondents  reported  receiving  an  average  of  four  hours  of  training, 
with  a range  of  one  to  100  hours.  Twenty-four  of  the  respondents  felt 
that  the  training  in  evacuation  should  be  increased,  while  eight  ! I r it 
should  remain  the  same. 

Evacuation  experience.  Sixteen  of  tile  respondents  reported  ev,;  u- 
ating  a wounded  or  injured  crewman  from  a tank  during  training,  while  17 
reported  the  experience  during  combat.  Approximately  half  of  the  total 
respondents  reported  aiding  in  evacuation.  The  group  reported  an  equal 
number  of  accidents  which  required  evacuation  during  training  as  in 
combat . 
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Attitudes  and  Opinions 


Concerning  survivability.  Survivability  in  tanks  is  usually  dis- 
cussed in  terns  of  weapon  firing  rates,  engagenent  ranges,  armor  pro- 
tection, and  speed.  Rarely  is  survivability  discussed  in  terms  of  the 
difficulty  in  entering  or  exiting  the  vehicle.  It  is  rarely  recognized 
that  the  time  it  takes  a tank  crew  to  mount  or  dismount  the  tank  could 
be  critical,  and  that  access  should  be  considered  important  to  crew  and 
vehicle  survivability.  This  section  reports  the  opinions  of  the  re- 
spondents about  their  intended  actions  if  hit  by  enemy  fire.  These 
opinions  are  expressed  in  the  most  general  terms,  for  it  is  impossible 
to  evaluate  every  conceivable  situation.  In  combat,  the  crew's  survival 
is  dependent  upon  specific  factors  which  are  too  numerous  to  list. 

When  asked  to  rate  their  chances  of  escaping  from  a tank  if  it  was 
hit,  13  indicated  that  their  changes  were  "not  too  good"  and  ore  indi- 
cated "no  chance  at  all."  Eight  felt  that  their  chances  of  escape  would 
be  about  "average.’’  Eight  felt  they  had  a "fairly  good"  chance,  and 
only  two  felt  they  had  an  "excellent"  chance  of  escaping.  The  group  was 
also  asked  to  estimate,  as  a percentage,  their  chances  of  successfully 
escaping  from  a disabled  tank.  Approximately  half  of  the  respondents 
rated  the  probability  of  successful  escape  as  50  percent  or  less. 

The  respondents  were  unable  to  rate  each  crew  member's  surviva- 
bility under  different  locations  of  penetrations  of  the  tank  with 
different  ammunition.  (See  question  20,  Appendix  A.)  Percentages 
varied  widely  and  there  seemed  to  be  no  consensus  among  the  respondents. 

Concerning  throats  to  crewmen.  Respondents  were  asked  to  rank 
order  possible  threats.  Their  responses  showed  that  the  most  feared 


threats  were:  enemy  tanks,  antitank  missiles,  antitank  guns,  antitank 


mines,  and  being  trapped  by  fire.  Napalm,  aerial  bombs,  rockets,  and 
artillery  were  ranked  lower,  and  "turning  over  in  the  tank"  was  ranked 
last.  Table  III-l  lists  the  types  of  threats.  (Some  not  in  the  original 
list  were  added  by  the  respondents.  These  are  indicated  by  an  asterisk.) 

Table  III-l 
Types  of  Threats 

Aerial  Bombs  and  Rockets 
Tank  Ammunition  Exploding 

Tank  Turning  Over 

♦Hydraulic  Fluid  and  Fuel 
Exploding 

♦Drowning  During  Fording 

Artillery  *Accidents  From  Terrain 

♦Responses  not  given  in  original  list  on  questionnaire. 

Concerning  escape  hatches.  Only  one  hatch  on  the  tank  — the 
driver's  escape  hatch  --  is  truly  an  escape  hatch.  The  other  hat  cl  s 
are  provided  mainly  for  routine  access  to  the  interior  of  the  tank.  Ko. 
purposes  of  general  discussion  in  this  report,  however,  all  hatches  will 
be  considered  escape  hatches. 

When  asked  if  they  could  escape  quickly,  through  the  hatches  of 
current  tanks,  22  respondents  felt  they  could,  while  11  felt  they  could 
no  t . 

The  respondents  were  asked  to  rate  the  difficulty  of  escaping  from 
each  particular  crew  position.  The  ratings  were  to  he  based  on  no 


Enemy  Tanks 

Actitank  Missiles 
(includes  RPGs) 

Antitank  Guns 

Anti  tank  Mines 

Napalm 
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particular  tank  model.  The  ratings  are  presented  in  Table  III-2.  This 
question  was  prompted  by  concern  for  the  vulnerability  of  the  gunner 
during  combat.  As  is  obvious  from  the  table,  the  gunner  is  considered 
by  far  the  most  vulnerable. 


Table  II1-2 

Escape  Difficulty  Rating  by  Crew  Position 


Extremely  Difficult 
Fairly  Difficult 
Difficult 

Somewhat  Difficult 
No  Difficulty 


TC  GNR  LDR  DRV 

1 17  2 3 


2 8 4 JO 

3 5 4 3 


12  3 12  10 

15  0 11  6 


The  respondents  were  divided  50/50  as  to  whether  the  gunner,  should 
have  a separate  escape  hatch.  The  group  felt  that,  considering  present 
tank  configurations,  a gunner's  escape  hatch  might  be  a good  thing,  but 
they  were  concerned  as  to  where  it  could  be  located. 

(1)  Driver's  hatch.  When  the  respondents  were  asked  if  the 
driver  needed  an  escape  hatch,  28  of  the  33  respondents  answered  "Yes." 
These  respondents  felt  there  should  be  some  means  for  the  driver  to 
escape  if  the  tank  rolled  over.  Approximately  half  of  the  respondents 
felt  they  could  escape  quickly  through  the  current  driver's  escape 
hatch,  while  the  other  half  felt  they  could  not. 

One  respondent's  comment  concerning  the  driver's  hatch  is  relevant 


here. 
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If  the  main  gun  is  traversed  over  the  driver's 
hatch,  it  is  impossible  for  the  driver  to  exit, 
except  through  the  turret  or  driver's  escape 
hatch.  Also,  in  some  turret  positions,  it  is 
impossible  for  the  driver  to  exit  through  the 
turret.  His  access  is  blocked  by  the  turret's 
basket  design,  permitting  escape  again  only 
through  the  driver's  escape  hatch. 

(2)  Size  of  hatch  openings.  Respondents  were  asked  to  rate 
the  size  of  current  hatches  for  each  crew  position.  The  rating  cate- 
gories were:  (a)  the  right  size,  (b)  too  small,  or  (c)  too  large.  The 
majority  of  the  respondents  rated  the  hatches  of  the  M60  series  about 
the  right  size  for  all  crew  positions.  The  M551  vehicle  hatches  were 
rated  similarly,,  with  the  exception  of  the  loader's  hatch,  which  10 
respondents  felt  was  "too  small." 

(l)  Overall  quality  of  escape  systems.  The  majority  of  the 
respondents  rated  the  quality  of  the  escape  system  on  the  M60A1  tank  as 
"good"  or  "very  good."  Opinions  concerning  the  M551  vehicle  were  more 
diverse,  with  the  majority  rating  it  "fair,"  "good,"  or  "very  good." 

Six  respondents  rated  the  M551  escape  system  as  "poor."  Seventeen  of 
the  respondents  had  no  experience  with  the  M60A2;  therefore,  ratings  on 
this  model  were  few  and  varied  greatly. 

Concerning  three-man  crews.  The  current  investigation  into  es  ape 
systems  was  triggered,  at  least  in  part,  by  reports  that  some  tank  units 
in  Vietnam  employed  their  tanks  in  combat  with  a three-man  crew.  This 
configuration  dropped  the  gunner  and  the  tank  commander  fired  the  main 
gun.  This  arrangement  presumably  was  adopted  in  realization  of  the 
likelihood  of  the  gunner's  being  trapped  by  antitank  (RPG)  fire.  Two 
factors  were  cited  as  rendering  the  gunner's  position  dangerous:  (1) 
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the  inability  to  quickly  escape,  and  (2)  the  vulnerability  of  US  tanks 
to  penetration  by  antitank  weapons. 

Nineteen  respondents  reported  serving  in  tank  units  where  three-man 
crews  were  a common  practice.  Seven  respondents  reported  no  experience 
with  three-man  crews,  but  all  reported  knowledge  of  the  practice. 

The  respondents  were  asked  to  list  possible  reasons  for  operating 
with  three  crewmen.  After  examining  these  responses,  several  good 
reasons  were  evident  why  the  gunner  was  often  not  employed.  A list  of 
the  reasons  is  shown  in  Table  III-3.  A number  of  respondents  pointed 
out  that  caseless  ammunition,  as  used  on  the  M551,  is  particularly 
dangerous  to  the  gunner.  Hazards  due  to  explosion  of  caseless  ammuni- 
tion may  be  a greater  danger  than  enemy  fire  alone. 

Some  of  the  respondents  took  exception  to  the  term,  "three-man 
crew."'  They  recounted  that,  in  reality,  four  men  were  used  but  not  in 
the  accepted  sense.  In  some  instances,  a caliber  .50  machinegun  was 
mounted  to  the  rear  of  the  turret.  The  gunner  was  then  positioned  on 
the  back  deck  and  was  responsible  for  the  security  of  the  left  front  and 
left  side  of  the  tank.  This  greatly  increased  available  firepower. 

Improving  Escape  and  Evacuation  Systems 

Comments  from  respondents  indicated  that  they  did  not  feel  techni- 
cally qualified  to  make  highly  specific  recommendations  for  changes  in 
tank  design.  However,  they  did  provide  a number  of  general  suggestions. 

Escape  systems.  The  respondents  were  asked  if  they  felt  that  the 
escape  system  in  present  tanks  could  be  improved.  Approximately  half 
(16)  of  the  respondents  felt  escape  systems  could  be  designed  to  make  it 
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Table  III-3 

Reasons  For  Employing  a Three-Man  Crew 


Tactical  and  Equipment  Considerations 

* Due  to  limited  firing  ranges,  the  tank  commander  was  able  to 
aim  and  fire  from  the  commander's  override. 

* The  mission  required  mostly  area  fire,  so  the  tank  commander 
could  fire  as  well  as  the  gunner. 

* If  hit,  the  gunner  was  the  most  vulnerable  crew  member. 

* The  gunner's  optics  had  been  removed,  so  the  tank  commander 
had  to  fire  the  main  gun. 

* The  gunner  was  not  necessary  as  most  tanks  fired  anti-personnel , 
High  Explosive  (HEP),  or  cannister  ammunition. 

Gunner  Protection  From  Enemy  Antitank  Fire  Considerations 

* The  gunner  was  usually  killed  if  hit  by  RPGs. 

* At  the  time  there  was  no  tank  or  antitank  threat  and  we  were 
losing  gunners  to  RPGs  and  mines. 

* The  gunner  had  difficulty  in  getting  out  if  the  lank  was  hit. 

" Tanks  attacked  by  RPGs  were  usually  hit  in  the  vicinity  cf  the 
gunner. 

* The  deletion  of  the  gunner  eliminated  the  possibility  oi  his 
being  trapped  or  killed  by  concussion  from  mines. 

P ersor.ne  1 : '•  hor  tages 

* Due  to  a shortage  of  personnel,  this  method  of  operation  was 
usually  done  only  for  short  periods  of  time,  a day  or  so  at  the 
most. 
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easier  to  escape,  while  13  felt  the  present  systems  could  not  be  im- 
proved. Table  III-4  is  a list  of  recommendations  which  the  respondents 
felt  would  improve  the  effectiveness  of  present  escape  systems. 

Evacuation  systems.  Many  of  the  recommendations  made  for  escape 
systems  also  apply  to  systems  intended  for  the  evacuation  of  wounded  or 
injured  personnel,  e.g.,  size  of  hatch,  unobstructed  exiting  paths,  etc. 
The  main  concern  of  the  respondents  seems  to  be  centered  on  two  major 
items:  (1'  increased  size  of  hatches,  and  (2)  provision  of  rescue 

straps  for  aid  in  moving  wounded  or  injured  personnel.  Table  III-5 
lists  the  recommended  improvements  for  evacuation. 

Conclusions  and  Recommendations 

It  was  apparent  from  the  responses  of  the  group  that  they  felt  it 
was  possible  to  redesign  tan'is,  but  as  a group  they  lacked  the  necessary 
technical  competence  to  make  highly  informed  recommendations.  Tank 
designs  nave  changed  little  in  recent  years,  e.g.,  the  crew  station 
locations  have  remained  the  same,  with  few  exceptions.  As  a result, 
experience  with  different  configurations  is  limited.  However,  operator 
opinions  concerning  improvements  in  tank  design  should  be  presented  to 
design  engineers  for  consideration. 

Interest  in  improved  escape  and  evacuation  systems  was  evident  from 
the  group's  responses,  and  resulted  in  a list  of  what  appears  to  be  very- 
practical  recommendations.  These  recommendations  centered  around  hatch 
size  and  a revised  tanker's  uniform  featuring  integral  rescue  straps. 
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Table  III-A 

Recommended  Improvements  for  Escape 


Mod iflcatlon  to  Hatch(es) 

Better  designed  and  fitted  driver's  escape  hatch.  (Many  are 
wired  on  and  do  not  fit  right.  Some  drivers  have  difficulty 
in  unfreezing  the  unlocking  mechanism.)  Change  locking 
mechanism. 

* Move  driver's  hatch  so  the  gun  tube  does  not  interfere  with 
the  driver  being  pulled  out  or  in  climbing  out. 

Fix  driver's  escape  hatch  with  a safety  chain;  the  loss  of 
the  hatch  is  bad  when  encountering  mines. 

* Relocate  or  redesign  driver's  escape  hatch. 

* Design  hatches  in  the  sides  of  the  turret,  not  on  top  of  the 
turret.  This  would  permit  crewmen  to  exit  without  having  to 
lift  their  body  weight  by  their  arm  strength.  It  would  be 
less  fatiguing  and  crewmen  could  exit  quicker.  German  armor 
vehicles  during  WWII  were  usually  designed  with  side  doors  on 
the  turrets. 

* Restructure  present  hatch  openings;  make  them  larger  and  more 
oblong  to  conform  to  shoulder  configurations.  If  body  armor 
is  worn,  it  makes  it  difficult  to  get  through  hatches. 

Design  an  escape  hatch  into  the  turret  wall  beside  the  loader. 

Move  driver's  hatch  away  from  center  position  to  the  side, 
so  the  main  gun  or  turret  cannot  block  exiting  through  the  ■ 
driver's  hatch. 


Modification  of  Gunner's  Crew  Station 


Design  a gunner's  escape  hatch  in  the  tank,  possibly  on  the 
side  of  the  turret. 

Improve  gunner's  seat  to  make  it  easier  to  get  in  and  out; 
either  a fold-down  or  movable  gunner'?  seat. 

Improve  egress  and  exit  routes  for  gunner. 

Redesign  gunner's  crew  station  completely. 

Design  and  locate  hand-holds  above  and  behind  gunner  to  aid  in 
getting  out. 


cont 'd 
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Table  III-4  (cont'd) 


Modification  of  Clothing  and  Personal  Ecuipment 

* Better  designed  tanker’s  uniform  that  will  not  catch  on  pro- 
jections. Present  field  gear  hangs  when  trying  to  lift 
oneself  through  the  hatches. 

* Recommend  that  armor  crewmen  wear  less  equipment  to  avoid 
catching  it,  e.g.,  holsters,  pistol  belts,  etc. 


Miscellaneous  Recommendations 


Eliminate  the  present  commander's  cupola  (M60  series  of  tanks) 
as  it  hinders  escape  and  evacuation. 

Develop  a comprehensive  escape  trairing  program. 

Add  a self-generating  smoke  screen  device  or  smoke  grenade 
launchers  to  screen  personnel  when  escaping. 

Design  a step  (foot-  or  toe-hold)  assist  to  aid  crewmen  in 
getting  out. 

Design  entry  and  exit  hatches  to  the  turret  compartment  so 
crewmen  would  not  have  to  climb  on  top  of  the  turret. 

Improve  access  from  the  turret  to  the  driver's  escape  hatch. 

Design  self-sealing  or  self-contained  compartments  for  fuel 
and  ammunition.* 

Improve  the  "flash  point"  of  the  hydraulic  fluid  so  it  does 
not  create  a fire  hazard,  or  replace  It  with  some  other, 
safer,  fluid. 

Examine  seating  arrangements  for  all  crew  members  to  ensure 
the  most  efficient  organization  and  design. 


*Authors'  note:  This  is  being  done  on  the  XM-1 . 
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Table  III-5 


Recommended  Improvements  for  Evacuation 


Design  hatches  to  conform  more  to  the  shape  of  an  individual' 
shoulders  (bigger  and  more  oblong  in  shape) . 

Design  tanker's  uniform  which  has  built-in  rescue  straps, 
like  the  German  uniform.  A rescue  strap  should  be  mounted 
on  the  back  at  shoulder  height. 

Design  an  evacuation  harness  which  could  be  attached  to  a 
wounded  or  unconscious  crew  member  to  aid  in  moving  and 
lifting  him  out  of  the  tank. 

Design  a separate  tanker  harness  which  is  worn  by  the  crew- 
man or  design  a harness  into  a tanker's  uniform. 

Develop  a way  tq  hoist  the  gunner  and  driver  from  their 
seats. 

Reduce  number  of  sharp  projections  in  the  tank.  This  would 
reduce  injuries  and  hanging  or  snagging  of  clothes  and 
equipment. 


SUMMARY  AND  RECOMMENDATIONS 

Training  in  either  escape  or  evacuation  does  not  appear  to  have  a 
high  priority  with  the  Army.  Evidence  for  this  lack  of  concern  is 
apparent  considering  the  time  the  respondents  served  in  armor  and  the 
very  few  hours  devoted  to  training  in  escape  or  evacuation. 

Respondents  were  slightly  taller  and  tended  to  weigh  more  than  1966 
averages  for  armor  crewmen.  Trends  in  anthropometric  data  over  the 
years  indicate  that  our  population  is  getting  taller  and  heavier.  If 
this  trend  continues,  and  if  armored  vehicles  continue  to  provide  less 
internal  work  space,  then  crew  selection,  based  On  height,  weight,  and 
girth,  may  be  the  only  way  to  resolve  the  problem  caused  by  larger 
crewmen  operating  in  confined  spaces. 

The  majority  of  the  respondents  felt  their  chances  of  surviving  a 
hit  would  be  less  than  50  percent,  although  they  did  feel  that  they 
could  escape  quickly  chrough  the  current  tank  hatches.  Most  of  them 
also  felt  that  escape  from  the  gunner's  position  was  the  most  difficult, 
followed  in  difficulty  by  the  driver's  position. 

Most  of  the  respondents  rated  the  quality  of  the  escape  systems  on 
our  current  tanks  as  fair  to  very  good.  Ratings  on  the  M60A2  were 
sparse  and  varied,  as  few  of  the  respondents  had  experience  with  it. 

A variety  of  operational  reasons  were  cited  for  operating  with  a 
three-man  crew.  These  seemed  to  be  the  result  of  sound  judgment  in  view 
of  the  tactical  situation  prevailing  in  Vietnam. 

Followup  research  on  the  effects  of  the  hazard  posed  by  caseless 
ammunition  on  crew  anxiety  might  prove  revealing.  There  is  a possibility 
that  concern  with  the  safety  of  this  ammunition  may  have  affected  crews 
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more  than  the  existing  enemy  threat.  This  concern  was  revealed  in 
conversations  with  some  of  the  respondents. 

The  need  to  examine  the  various  alternatives  and  develop  different 
escape  system  concepts  was  clearly  indicated  by  the  respondents.  Our 
current  tanks,  when  combat  loaded,  greatly  restrict  and  inhibit  the 
quick  escape  and  evacuation  of  armor  crewmen.  The  best  approaches  to 
remedy  this  situation  are  not  clear  at  this  time,  and  further  study  is 
definitely  indicated. 

Following  are  some  of  the  more  relevant  recommendations  gleaned 
from  the  responses  and  comments. 

* A realistic  and  comprehensive  training  program  in  escape  and 
evacuation  should  be  developed. 

* Training  time  for  both  should  be  substantially  increased  and 
made  a continuing  part  of  armor  training.  Training  in  evacu-, 
ation  of  wounded  should  include  some  basic  emergency  medical 
skills  beyond  those  taught  in  basic  combat  training. 

* The  driver's  escape  hatch  should  be  better  engineered,  es- 
pecially the  opening  and  locking  mechanism.  Thought  should  be 
given  to  designing  the  hatch  so  it  can  be  opened  from  the 
outside  so  personnel  can  enter  the  tank  to  help  if  it  has 
overturned.  An  anti-intrusion  alert  device  should  be  in- 
stalled on  this  hatch  so  the  enemy  cannot  enter  the  tank 
during  silent-watch  and  other  similar  circumstances. 

* Exiling  the  tank  under  special  circumstances  n ■>  ts  .)e>  t - 
water  fording,  or  under  NBC  conditions,  should  Be  invosi ■- 
gated,  as  these  situations  may  require  changes  in  the  escape 
system  design. 

* If  possible,  the  crew  stations  should  be  redesigned  to  provide 
the  gunner  with  a separate  batch,  or  at  least,  to  provide  the 
gunner  with  a more  unobstructed  route  of  exiting  the  tank. 

Tank  crewmen  should  he  provided  with  either  separate  harnesses 
or  have  rescue  handles  built  into  a tanner’s  uniform.  Most 
tankers  favor  the  fabrication  if  a tanker's  uniform  with 
built-in  rescue  straps,  like  the  German  tanker's  uniform. 
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APPENDIX  A TO  CHAPTER  III 


TANK  CREW  ESCAPE  AND  EVACUATION  QUESTIONNAIRE 


APPENDIX  A 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


TANK  CREW  ESCAPE  AND  EVACUATION  QUESTIONNAIRE 
SECTION  I 


Date:  ' 

(Day)  (Month)  (Year) 

Name:  

(Last)  (First)  (MI) 

Rank:  

Age:  

a)  Height  

(Feet)  (Inches) 

b)  Weight  

(Pounds) 

c)  Size  of  body  Trame  (use  your  shirt  size) 

Small 

Medium  

Large  

Extra  Large  

Time  in  Army:  ' , 

(Years)  (Months) 

Time  in  Armor:  

(Years)  (Months) 

Present  Military  Unit:  

What  is  your  current  job  title? 

Length  of  time  in  your  present  job:  

(Years)  (Months) 

What  is  your  j resent  MOS? 

What  is  its  job  title?  
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12.  Are  you  currently  serving  as  a member  of  a tank  crew? 

Yes  

Mo  

Check  the  tank  on  which  you  are  currently  serving,  or  with  which 
you  are  most  familiar: 

M60  or  M60A1  

M60A1  (AOS)  Stabilization 


(Specify  the  tank  model) 


13.  Name  each  type  of  tank  in  which  you  have  crewed  and  check  the 
name(s)  ol  each  crew  position  you  worked  in  for  that  tank: 

Tank  Type  Crew  Positions 

CNR I. DR  _ 

CNR  _ l.Dp 

CNR  I .DR 

CNR  LDR 

14.  Have  you  ever  served  in  tanks  during  combat? 

Yes  

No 


TC 

DRV 

TC 

DRV 

tc 

DRV 

TC 

DRV 

M60A2 

M60A3 

M551 

N48A5 

Other 
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a)  If  Yes,  indicate  where  you  served  in  tanks: 

Vietnam  

Korea 

World  War  II  

Other  (Please  Specify) 


b) 


List  the  tank(s)  you  served  on  in  combat  and  name  the  crew 
position(s)  you  held  at  the  time: 


1) 


2) 

Tank 

Cvew  Position (s) 

3) 

Tank 

Crew  Position(s) 

4) 

Tank 

Crew  Position(s) 

5) 

Tank 

Crew  Position(s) 

Tank 

Crew  Position(s) 

15.  Have  you  received  practical  training  in  removing  injured  personnel 
from  tanks? 

Yes 

No  

If  Yes: 

a)  When  was  the  training  conducted?  

b)  Who  conducted  the  training? 

c)  How  many  hours  of  training  did  you  receive?  

d)  How  many  total  hours  of  training  have  you  received  in 

removing  injured  personnel  since  being  in  armor?  

e)  When  was  the  training  conducted?  

(Year)  (Month) 
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16.  Have  you  received  practical  training  in  escaping  from  a tank? 

Yes  

No  

If  Yes: 

a)  When  was  the  training  conducted? 

b)  Who  conducted  the  training?  

c)  How  many  hours  of  training  did  you  receive?  

d)  How  many  total  hours  of  training  in  escape  have  you  received 

since  being  in  armor?  

e)  When  was  the  training  conducted?  

(Year)  (Month) 

f)  Have  you  received  training  in  escaping  through  the  driver's 
escape  hatch? 

Yes  ___ 

Mo  __ 

17.  What  should  be  done  about  the  amount  of  training  on  escaping  from 
a tank  that  is  given  to  tank  crews?  (Check  one) 

Increase  the  amount  of  escape  training 
Reduce  the  amount  of  escape  training  _ 

Do  not  change  the  amount  of  escape  training 

18.  What  should  be  done  about  the  amount  of  training  given  to  tank  crews 
on  removing  injured  crewmen  from  a tank?  (Check  one) 

Increase  the  amount  of  training 
Reduce  the  amou.  t of  training 
Do  not  change  the  amount  of  training 
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19.  a)  If  your  tank  was  hit  and  you  had  to  escape  from  it,  what  do  you 

feel  your  chances  would  be  of  getting  out?  (Check  one) 

No  chance  at  all  

Wouldn’t  be  too  good  

Would  be  about  average  

Would  be  fairly  good  

Would  be  excellent  _ 

b)  Estimate  your  chances  of  getting  out  as  a percentage: 

% 

20.  For  each  of  the  following  categories  of  "hit"  on  your  tank,  please 


estimate  the  chances 

crew  member: 

of  survival 

(enter  it  as  a percentage)  of 

Crew  Member 

each 

Hit 

TC 

DRV 

CNR 

LDR 

AP, 

Hull-Rear 

■ 

% 

% 

X 

% 

AP, 

Hull-Center 

% 

% 

X 

X 

AP, 

Hull-Forward 

X 

% 

X 

X 

AP, 

Turret 

V 

/• 

X 

X 

X 

HEAT 

, Hull-Rear 

X 

% 

X 

X 

HEAT 

, Hull-Center 

% 

% 

X 

X 

HEAT 

, Hull-Forward 

% 

% 

X 

X 

HEAT 

, Turret 

X 

% 

X 

X 

21.  If  you  had  to  escape  quickly  from  your  tank  during  an  emergency,  do 
you  feel  that  you  could  get  out  quickly  enough  through  one  of  its 
present  tank  hatches? 

Ye3 


No 
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22.  How  difficult  do  you  think  it  is  to  escape  from  each  of  the  tank 
crew  positions? 

TC  GNR  hDR  DRV 

Extremely  difficult  __ 

Fairly  difficult  

Difficult  __ 

Somewhat  difficult 
Mo  difficulty 

23.  Should  there  be  an  escape  hatch  especially  located  for  the  use  ci 

the  gunner?  (MOTE:  On  the  M60A2  tank  the  gunner  does  have  his 

own  hatch. ) 

Yes  

Mo 

24.  Should  there  be  a driver's  escape  hatch  on  our  tanks?  (MOTE:  This 

is  the  hatch  in  the  bottom  of  the  tank.) 

Yes 

No 


25.  Rate  the  size  of  the  present  hatch  openings.  Tf  yen  net  ’ »• 

enough  about  the  different  ranks  or  various  patches,  place  a check 
in  the  “Mo  experience"  column. 

M60/M60AI  Tank 


TC  LDR  DRV  DRV  Escape 

The  right  size 
Too  r.ma  1 1 
Too  large 
No  experience 
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TC  GNR  LDR  DRV  DRV  Escape 


The  right  size 


Too  small 


Too  large 
No  experience 


M551  Sheridan 


DRV  Escape 


The  right  size 


Too  small 


Too  large 
No  experience 


26.  Do  you  feel  that  you  could  escape  quickly  from  the  tank  through  the 
driver's  escape  hatch  in  the  bottom  of  the  tank? 


27.  Have  you  received  training  in  evacuating  wounded  personnel  by 
bringing  them  up  through  the  driver's  escape  hatch? 


28.  Rate  the  quality  of  the  escape  systems  of  the  following  types  of 

tanks.  If  you  are  not  familiar  with  a particular  type,  pi  a a check 
in  the  "No  experience"  column. 
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M60A1  M60A2  M551 

Excellent  

Very  Good 

Good  _ 

Fair  __  ' 

Poor  

No  Experience  

Which  of  the  following  threats  to  a tanker's  survival  do  you  most 
fear?  Enter  a #1  beside  it  and  rate  as  many  of  the  others  as  you 
can  by  entering  a "2,”  "3,",  ''4,"  etc.,  beside  them.  if  there  are 
any  other  items,  rank  them  in  the  space,  labeled  ' Other"  and  assign 
them  a number. 

Trapped  by  fire 

Napalm  

Artillery 

Aerial  bombs  or  rockets 
Antitank  missiles 
Enemy  tanks  

Antitank  guns  . 

Antitank  mines 

Tank  ammunition  exploding  

Turning  over 

Other  (please  specify) 
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30.  During  the  Vietnam  War  there  were  reports  that  tanks  were  operated 
with  three-man  crews.  The  gunner  was  dropped  out  and  the  tank 
commander  fired  the  main  gun  from  the  TC's  position. 

a)  Have  you  ever  been  in  a tank  unit  where  this  practice  was 
followed? 

Yes  

No  

b)  Have  you  ever  heard  any  mention  of  this  practice  being  followed 
by  tank  units  in  Vietnam? 

Yes  

No  

c)  If  Yes  to  either  of  the  above  two  questions,  state  the  reasons 
you  know  of  for  operating  with  three  crewmen: 


31.  Do  you  feel  that  the  escape  system  on  your  present  tank  could  be 
improved  to  make  it  easier  to  escape? 

Yes  

No  

If  Yes,  what  improvements  would  you  make? 
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32.  Have  you  had  to  escape  from  a tank  during: 


Training 

Combat 

Yes  

Yes  

No  

No  

33.  Have 

you  had  to 

evacuate  a wounded  or  injured 

crew  member  from  a 

tank 

during : 

Training 

Combat 

Yes 

Yes 

No 

No 

NOTE: 

If  you  answered  Yes  to  either  question  32 
Section  II  of  this  questionnaire. 

or  33,  please  complete 

if  you  answered  No  to  both  questions,  turn  in  Section  II  to  the 
interviewer. 


THIS  COMPLETES  THE  ESCAPE  AND  EVACUATION  QUESTIONNAIRE 
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SECTION  II 


PERSONAL  EXPERIENCE  QUESTIONNAIRE 

A.  Escape  in  Combat 

1.  In  what  war  did  you  participate?  (Check  one) 

Vietnam 

Korea  

World  War  II  

Other  (Please  Specify) 

2.  List  the  type  of  tank(s)  you  escaped  from: 


3.  How  many  times  did  you  have  to  escape  from  your  tank? 

4.  Check  what  crew  position(s)  you  held  each  time  you  had  to  escape: 

Tank  Commander  

Gunner 

Loader  

Driver 
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Through  which  of  the  tank  hatch(es)  did  you  escape? 

Tank  Commander  

Loader  

Driver  (Top) 

Driver's  Escape  Hatch  

Check  the  reason(s)  you  had  to  escape: 

Tank  hit  by  tank  or  antitank  weapon  ___ 

Tank  caught  on  fire  

Tank  hit  a mine  

Driving  accident  

Other  (Please  Specify) 


Escape  in  Training 

List  the  type  of  tank(s)  you  escaped  from: 


How  many  times  did  you  have  to  escape  from  your  tank 


S.  3 


3.  Check  the  crew  position(s)  you  held  each  time  you  had  to  escape: 

Tank  Commander  

Gunner 

Loader  

Driver  

4.  Through  which  of  the  tank  hatch (es)  did  you  escape? 

Tank  Commander  __ 

Gunner  

Gunner's  Hatch  (M60A2)  

Loader  

Driver 

Driver’s  Escape  Hatch  

5.  Check  the  reason(s)  you  had  to  escape: 

Tank  caught  on  fire  _ 

Driving  accident  

Other  (Plea:-  . ecify) 


6.  What  design  features  would  you  recommend  be  added,  changed,  or 
eliminated  that  would  make  it  easier  to  escape  from  a tank? 
a)  Features  you  would  add: 
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ti.u.  hav,  you  P»Uct^  U —■“»*  «— 1 or 
injured  personnel  in  combat?  — — — 

Check  the  wounded  crew  member's  position,  the  hatch  through  which 
the  crew  member  was  evacuated,  and  state  the  cause  of  the  wound  or 
injury  each  time  you  performed  evacuation: 

Crew  „ tch  Cause  of  Wound  or^ Injury 


Crew 

Hatch 

position 

a)  T C 

TC  

CNR  

LDR  

LDR  

DRV  

DRV  

1RV  Escape  

I 

GNR  (M60A2)  

b)  TC 

TC  

GNR 

LDR 

LDR  

DRV  ___ 

DRV 

DRV  Escape  

GNR  (M60A2)  

c)  TC 

TC  

cm 

LDR 

LDR 

DRV 

DRV 

DRV  Escape  

GNR  (M60A2)  
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What  design  features  would  you  recommend  be  added,  changed,  or 
eliminated  th?t  would  make  it  easier  to  evacuate  wounded  or 
injured  personnel? 

a)  Features  you  would  add 


b)  Features  you  would  change 


c)  Features  you  would  eliminate 
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CHAPTER  IV 


CLOSED-HATCH  TARGET  ACQUISITION 

B<k L ■ i round  . :id  Mi  1 itary  Problem 

It  is  common  knowledge  that  armor  crewmen  occasionally  experience 
some  form  of  disorientation  to  the  external  environment.  The  gunner  and 
the  loader  are  the  most  vulnerable,  as  they  have  the  least  contact  with 
th~  world  outside  the  tank.  This  is  especially  true  during  movement 
and/or  when  the  turret  is  being  rapidly  traversed  from  one  target  loca- 
tion to  another.  However,  all  crew  members  appear  to  be  subject  to 
disorientation  when  operating  in  the  closed-hatch  (buttoned  up)  mode.^ 
This  has  been  attributed,  at  least  In  part,  to  the  drastic  reduction  in 
the  Field  of  View  (FOV)  through  the  vision  blocks,  and/or  the  magnifi- 
cation and  shallow  depth  of  field  of  the  optical  sights.  Some  studies 
have  suggested  that  optics  with  wider  FOVs  would  yield  quicker  response 
times  in  target  detection  and  engagement.  These  studies  further  sug- 
gested that  an  ideal  system  should  incorporate  a stabilized  low  power 
unit  for  performing  surveillance.  A higher  magnification  unit  would  be 
employed  for  detecting  concealed  targets  and  recognizing  distn-  targets. 
The  optics  should  be  designed  so  that  the  Tank  Commander  (TC)  ''iuld 
shift  from  one  to  the  other  without  losing  his  orientation  to  the  ter- 
rain. Current  US  armored  vehicle  optics  have  no  such  dual  capabilities. 

^The  material  discussed  in  the  remainder  of  this  section  has  been  ab- 
stracted from  W. . L.  Warnick,  et  al . , ."'iv.'v  <■>•’  f'nr  ra'<-'hr7  •'tiictl  Ann 
Anooi'i.'i  tc  : liin'-’c  >’  r'j '/Vv.'  /»■>  o o.'h  Rcr:i 7 : : >:.7  Rvc’k  TV:"  >:•. 

Hu4,  tone-!  i’r,  ART  Research  Problem  Review  76-11,  Human  Resources  Research 
Organization,,  and  Army  Research  Institute,  October  1976;  from  R.  C.  Barn 
et  al . , :,f:  :>■  i ;w • ■ . >»  •’  “ TCATA  Test  Report  No.  FM  .323, 

Final  Report  (22  September  - 24  October  1975),  Headquarters,  1RAD0C  Com- 
bined Arms  Test  Activity,  Fort  Hood,  Texas,  8 September  1976;  and  from 
interviews  with  test  officers  from  the  TCATA  study. 
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In  attempts  to  overcome  restrictions  in  the  FOV  during  the  TCATA 
closed-hatch  test,  some  TCs  operated  with  the  cupolas  rotated  90°  or 
more  to  the  rear.  When  the  cupola  is  oriented  directly  to  the  front, 
the  machinegun  mounted  on  the  cupola  creates  a visual  obstruction. 

Under  this  condition,  the  TC  must  use  the  unity  window  of  the  command- 
er's periscope  for  frontal  vision.  Even  with  the  cupola  rotated  to  the 
rear,  it  was  found  that  target  detection  was  degraded  with  the  hatches 
closed.  The  amount  of  degradation  in  target  acquisition  performance 
with  closed  hatches  depended  on  the  type  of  mission.  However,  degra- 
dation was  estimated  as  being  from  8 to  25  percent  during  daylight  and 
from  8 to  46  percent  during  darkness. 

During  interviews,  commanders  also  reported  that  they  became  dis- 
oriented while  traversing.  This  was  most  frequent  following  target 
detection  (i.e.,  original  discovery  of  the  presence  of  a target  object) 
while  attempting  acquisition  (i.e.,  laying  the  reticle  of  the  gunsight 
on  the  target).  This  was  attributed  to  blurring  of  vision  or  loss  of 
FOV  while  viewing  the  surrounding  terrain  through  the  vision  blocks  of 
the  rapidly  rotating  turret  This  disorientation  frequently  resulted  in 
difficulties  in  accurately  positioning  the  turret.  Consequently,  it  was 
necessary  for  the  TC  to  provide  corrective  control  actions  in  order  to 
lay  on  the  target.  1 In  such  cases,  time  was  lost  in  acquiring  the 
target.  As  a consequence,  some  TCs  lowered  their  slew  rates  (rate  of 
turret  traverse)  during  acquisition  to  avoid  losing  sight  of  the  target 
and  thereby  achieve  a quicker  lay.  However,  the  lowered  slew  rate  also 
tended  to  increase  acquisition  times  above  those  observed  in  the  open- 
hatch  mode. 
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It  is  virtually  certain  that  US  forces  will  have  to  operate  with 
clos'd  hatches  for  considerable  periods  of  time  in  any  future  war. 
Therefore,  it  seemed  appropriate  to  determine  the  optimum  slew  rate  in 
order  to  minimize  degradation  of  target  acquisition  performance  in  the 
closed-hatch  mode.  To  this  end,  a small-scale  study  was  planned. 

Study  I:  A Comparison  of  Tank  Commander  Target  Acquisition  Performance 
While  Using  Controlled  and  Uncontrolled  Turret  Slew  Rates 

Objective 

The  primary  objective  of  this  study  was  to  compare  target  acquisi- 
tion times  by  the  TC  under  closed-  and  open-hatch  conditions  using 
controlled  and  uncontrolled  turret  traversing  speeds.  A secondary 
objective  was  to  determine  if  different  cupola  positions  affected  target 
acquisition  times  under  closed-  and  open-hatch  conditions.  In  order  to 
keep  the  research  problem  within  manageable  bounds,  this  study  dealt 
only  with  target  acquisition  while  the  tank  and  targets  ’/ere  stationary. 
Furthermore,  the  targets  were  easily  identifiable  and  fully  exposed  so 
as  not  to  confound  target  acquisition  times  witu  target  detection  and 
recognit ion. 

Methods  and  Procedures 

Subjects . Subjects  were  five  TCs  from  the  1st  Cavalry  Division, 

Fort  Hood,  Texas.  Their  average  experience  as  a commander  was  10  months. 
Average  time  in  the  Army  was  4.5  years.  The  TCs  ranged  in  'gc  i ro“  21 
to  29  years.  Three  of  the  TCs  wore  glasses  all  the  time,  while  th 
remaining  two  did  not  wear  glasses. 

A larger  pool  of  subjects  would  have  been  desirable,  but  because  of 
other  heavy  commi.ments,  the  Division  was  only  able  to  provide  five  TCs. 
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Test  design.  At  the  outset,  only  hypotheses  were  available  con- 
cerning the  optimum  slew  rate.  As  a result,  an  arbitrary  decision  was 
made  to  first  try  a controlled  slew  rate  approximately  25  percent  slower 
than  the  maximum.  Also,  two  cupola  positions  were  chosen.  In  the 
forward  position,  the  TC's  frontal  view  is  maximally  obstructed.  In  the 
rear  position,  the  frontal  view  is  minimally  obstructed. 

The  conditions  employed  are  shown  below:, 

Controlled  Rate  Maximum  Rate 

Cupola  forward/closed  hatch  Cupola  forward/closed  hatch 

Cupola  rear/i  losed  hatch  Cupola  rear/closed  hatch 

Cupola  forward/open  hatch 

The  cupola  forward/open  hatch  condition  was  included  to  obtain  a 
baseline  against  which  to  evaluate  the  other  conditions.  This  condition 
is  the  one  most  frequently  employed  and  practiced  by  TCs. 

The  order  of  presentation  of  the  five  conditions  was  randomized  and 
target  sequence  of  presentation  was  balanced,  as  best  as  was  possible 
with  the  small  number  of  subjects  and  the  limited  time  they  would  be 
available  (see  Appendix  A). 

Slew  rate  control . A device  normally  employed  by  turret  mechanics 
to  test  and  adjust  the  elevating  and  traversing  movements  of  the  TC's 
control  (override)  assembly  was  employed  to  control  slew  rate.  This 
device,  called  a "commander's  fixture  control,"  was  fabricated  locally, 

O 

according  to  specifications  in  a Technical  Manual."  The  device  is 


2TM  9-2300-378-35/2.  Direct  Support,  General  Support,  and  Depot  Mainte- 
nance Manual  for  Tank,  Combat ,.  Full -Tracked:  105-MM  Gun,  M60A1  U/E 
( 2350-156-8-197 ) , Tank,  Combat,  Full-Traded:  105-MM  Gun,  MGO  U/E  (2150- 
678-5773),  Tank,  Combat,  Full-Tracked:  90-MM  Gun,  M48A3  W/E  (2350-895- 
9154),  Tank,  Combat,  Ful l -Tracked : 90-MM  Gun,  M46A2C  (2350-679-4812) , 

Tank,  Combat,  Full-Tracked:  90-MM  Gun,  M4HA7  (2550-546-7560) , and  Vehicle 
Combat  Engineer,  Full -Tracked:  M'72H  W/E  ( 2550-796- 179?)  Gun  Elevating  and 
Turret  Traversing  Systems,  HQ,  Department  of  the  Army,  Washington,  D.C., 


24  January  1968. 
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designed  with  adjustable  stops  to  limit  the  possible  range  of  movement 
o.  the  override  handle,  thus  effectively  controlling  the  maximum  tra- 
verse rnt<  the  commander  can  employ. 

Under  normal  operating  conditions  the  turret  is  capable  of  making 
one  complete  rotation  every  15  seconds.  An  attempt  was  made  to  set  the 
maximum  rotation  rate  at  19  seconds  with  the  fixture  control  device. 
However,  it  was  not  possible  to  set  the  rate  with  complete  accuracy. 
Therefore,  the  rates  employed  actually  varied  from  18  to  20  seconds. 

Test  site  configuration.  Four  targets  were  used.  Two  targets  jere 
large  boresighting  panels  and  the  remain : ug  two  were  manmade  towers.  A 
panel  was  also  used  as  a "zero"  reference.  Target  ranges  varied  from 
800  to  1000  meters.  The  targets  were  located  in  a fan  or  arc  in  front 
of  the  tank.  Two  targets  were  located  to  the  right  of  the  zero  panel 
and  two  targets  to  the  left.  The  angle  between  the  extreme  left  target 
and  right  hand  target  was  approximately  103  degrees  (1823  mils). 

The  tank  was  positioned  and  the  main  gun  aligned  on  the  corttr  of 
•he  zero  panel  and  the  azimuth  indicator  was  set  on  0.  The  two  targets 
positioned  nearest  the  zt ro  point  wore  located  33  degrees  (’>10  mila) 
right  and  28  degtees  (4971  mils)  left  of  the  zero  par-  I . T..o  ad  ' i t • "a1 
targets  were  located  57  degrees  (2187  mils;  right  and  degrees  (818 
mils)  left  of  the  zero  panel. 

The  tank  was  parked  on  flat  open  ground  with  a clear  FOV.  The 
terrain  was  gently  rolling  with  medium  height  gn-utvi  ce.er  and  patches 
of  dense  woods.  The  target  range  is  shown  in  Figure  l V — 1 . All  t.itgot 
were  large  enough  to  render  them  extremely  conspicuous.  See  Appendix 
for  order  of  tank  and  target  conditions. 
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Procedures . The  data  were  gathered  over  a 3.5  day  period.  The 
first  day  was  devoted  to  the  fi::al  selection  of  a tank  position,  deter- 
mining the  target  range,  and  rehearsing  the  procedures.  The  tank 
position  was  clearly  marked  and  the  tank  was  repositioned  in  the  same 
location  every  day.  Ranges  and  azimuth  to  targets  were  also  re-verified 
each  day. 

The  TC  of  the  test  vehicle  acted  as  the  tank  gunner  and  assisted 
the  experimenter  in  conducting  the  target  acquisition  trials.  The  TC 
‘•at  in  the  gunner's  sett  and  was  responsible  for  verifying  that  the 
subject  had  acquired  the  correct  target  and  also  verified  that  the 
subject  nad  raid  the  ma.n  gun  reticle  in  the  rangefinder  on  tie  approxi- 
mate center  of  the  targe's.  The  experiment 3r  sat  in  the  loader’s  seat 
and  timed  each  acquisition  trial  using  a handheld  stopwatch. 

Prior  to  starting,  each  subject  was  fully  briefed  on  the  purpose  of 
the  study  and  the  procedures  they  were  to  follow.  Anv  questions  we»-e 
answered  at  this  time.  Subjects  were  instructed  to  adjust  * he  commander' 
foot  platform  and  scat  to  a comfortable  position,  and  also  to  adjir  the 
rangefinder  optics  to  their  own  eyes.  The  turret  was  then  traversed  so 
the  subject  could  oositively  identify  each  tat  got,  includin'-  * he  zero 
panel.  After  the  subject  verified  that  he  knew  the  location  and  iden-> 
tification  of  each  target,  he  received  a number  of  practice  trials  to 
let  him  get  the  feel  of  the  power  controls.  Subjects  usually  required 
no  more  than  two  or  three  practice  trials  before  starting  their  target 
acquisition  trials. 


IV- 7 


Results 


The  data  obtained  were  examined  by  Analysis  of  Variance  (ANOVA) 
techniques.  Table  IV-1  presents  the  ANOVA  table  comparing  the  five 
conditions  (i.e.,  closed  hatch/controlled  rate/cupola  forward,  closed/ 
hatch  controlled  rate/cupola  rear,  closed  hatch/maximum  rate  of  cupola 
forward,  closed  hatch/maximum  rate/cupola  rear,  and  open  hatch /maximum 
rate/cupola  forward).  As  can  be  seen,  the  difference  between  the  con- 
ditions is  not  significant.  Therefore,  the  analysis  indicates  that 
there  were  no  reliable  differences  in  acquisition  times,  regardless  of 
slew  rate,  cupola  position,  or  position  of  the  hatch. 

Table  IV-1 

Analysis  of  the  Experimental  Conditions 


Source 

SS 

df 

MS 

F P 

Between  Subjects 

123.6 

4 

Within  Subjects 

311.2 

20 

Conditions 

55.1 

4 

13.8 

0.9  NS 

Residual 

256.1 

16 

16.0 

TOTAL 

434.8 

24 

A number  of 

other  analyses  were 

also  conducted. 

For  example,  times 

to  acquire  the  two  inner  targets 

were 

compared  to  the 

times  to  acquire 

the  outer  targets 

, However,  none 

of 

these  comparisons  revealed  a signi- 

ficant  difference 

between  treatments. 

so  the  analysis 

will  not  be  presented 

Figure  IV-2 

presents  data  on 

learning  during  the 

experiment.  The 

mean  time  shown  for  Trial  1 is  based  on  the  times  obtained  for  each 
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subject  during  the  first  series  of  trials,  regardless  of  condition. 

That  is,  each  of  the  five  conditions  is  represented  with  four  trials 
each.  The  same  is  true  for  Trials  2 through  5.  It  appears  that  learn- 
ing occurred  with  practice.  However,  an  ANOVA  comparing  the  first  two 
series  with  the  last  two  series  did  not  result  in  a significant  F ratio. 
Therefore,  it  cannot  be  concluded  that  the  observed  trend  is  reliable. 

Conclusions 

Although  no  significant  results  were  obtained  in  the  preliminary 
study,  it  served  to  generate  several  hypotheses  for  a second  study. 

First  of  all,  it  was  hypothesized  that  more  practice  in  using  the  turret 
control  would  lead  to  greater  stability  in  the  results.  This  hypothesis 
was  partly  based  on  the  data  shown  in  Figure  1V-2,  and  partly  on  post- 
test interviews  with  the  subjects.  The  subjects  reported  that  they  were 
"just  getting  organized"  in  their  techniques  for  acquiring  targets  when 
their  participation  was  concluded.  Therefore,  it  was  hypothesized  that 
differences  between  the  experimental  conditions  might  have  emerged  if 
participants  had  been  allowed  to  reach  their  peak  in  performance  in  each 
condition  prior  to  testing. 

A second  hypothesis  concerned  the  use  of  an  "aiming  reference." 
Subjects  reported  that  they  had  learned  to  use  a reference  point  in 
slewing  to  a target  with  the  hatch  closed.  It  is  virtually  universal  in 
the  open-hatch  mode  to  use  the  main  gun  barrel  a3  a reference.  However, 
with  hatches  closed,  they  chose  some  other  aiming  reference  such  as  a 
nut  or  bolt  on  the  outside  of  the  turret  to  help  them  align  the  turret 
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with  the  target.  This  was  because  when  the  hatch  is  closed,  it  is 
difficult  to  judge  the  actual  alignment  of  the  gun  barrel  with  the 
target.  Therefore,  it  was  hypothesized  that  an  easy-to-use  aiming 
reference  would  aid  in  acquiring  targets  in  the  closed-hatch  mode. 

The  TCs  also  reported  no  disorientation  when  traversing  the  turret 
at  the  maximum  rate.  They  felt  that  the  use  of  an  aiming  reference 
provided  quicker  target  acquisition.  They  also  felt  that  the  disorien- 
tation reported  during  the  TCATA  test  was  due  to  lack  of  practice  in  the 
closed-hatch  mode.  Therefore,  it  was  tentatively  concluded  that  slow  eg 
the  traverse  rate  was  not  necessary. 

Based  on  these  hypotheses,  a second  study  was  planned  for  a time 
when  both  personnel  and  an  operable  M60A1  tank  would  be  available  for  a 
longer  series  of  trials.  This  study  is  described  in  the  next  section. 

Study  II:  Use  of  an  Aiming  Reference  by  the  Tank  Commander  in 
Target  Acquisition  in  the  Closed-Hatch  Node 

Background  and  Military  Problem 

The  design  of  this  second  study  was  based  on: 

1.  The  indication--  that  TO;:  in  Study  I needed  mor-  >r  ..-t-ii 
in  target  acquisition  to  prevent  peri  ormanre  times  from  'eng  co..fi-  ><:  A 
by  learning  effects. 

2.  Indications  from  Study  I that  slowing  the  slew  rate  was 
not  necessary. 

3.  Personal  observations  and  TO  comments  during  Study  I on 
the  use  of  some  internal  reference  mark  within  the  cupola  or  an  external 
reference  mark  on  the  outside  surface  of  the  tank  as  an  aid  in  aligning 
the  turret  and  main  gun  onto  a target. 
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The  reference  system  used  varied  among  TCs,  but  was  Lsilly  a "nut" 
or  a sharp  projection.  However,  any  easily  recognizable  fert'.re  could 
serve  as  a usable  sighting  reference.  The  TC  would  traverse  t e turret 
towards  the  target  and  then  visually  align  the  reference  mark  on  the 
target.  This  ensured  that  the  gun  tube  was  aligned  closely  in  azimuth 
to  the  target  or  target  area.  Then  the  TC  would  look  through  his  range- 
finder, and  either  elevate  or  depress  the  main  gun  until  on  target.  The 
use  of  the  aiming  reference  was  believed  by  the  TCs  to  reduce  the  number 
and  degree  of  small  horizontal  tracking  movements  (jockeying)  required 
to  align  the  main  gun  on  the  target  in  azimuth. 

The  notion  behind  an  aiming  reference  is  not  new.  Many  years  ago, 
tanks  were  equipped  with  "vane"  sights.  This  was  a metal  projection 
welded  to  the  top  of  the  turret  in  front  of  the  commander's  hatch.  The 
vane  sight  was  used  by  commanders  to  initially  lay  the  main  gun  in  the 
vicinity  of  the  target.  The  use  of  the  vane  sight  supposedly  reduced 
search  time  for  the  gunner  and  allowed  him  more  time  to  make  a "fine" 
lay  on  the  target.  The  vane  sight  is  no  longer  incorporated  on  our 
current  tanks.  The  M46  tank,  which  was  used  in  Korea,  is  believed  to  be 
the  last  tank  with,  a vane  sight.  The  reasons  for  eliminating  the  vane 
sight  are  not  known.  The  TCs  felt  that  an  adaptation  of  this  concept 
would  be  helpful  while  firing  in  the  closed-hatch  mode. 

Objective 

The  primary  objective  of  this  study  was  to  determine,  under  closed- 
hatch  conditions  if  the  use  of  an  aiming  reference  system  would  improve 
target  acquisition  times.  Two  ancillary  objectives  were:  (1)  to  deter- 
mine more  precisely  how  many  acquisition  learning  trials  are  required  to 
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stabilize  performance,  and  (2)  to  determine  if  cupola  position  affects 
target  acquisition  performance. 

In  order  to  keep  the  research  problem  within  manageable  bounds, 
this  study  dealt  only  with  target  acquisition  while  the  ' "V  and  targets 
were  stationary.  Furthermore,  the  targets  were  easily  identifiable  and 
fully  exposed  so  as  not  to  confound  target  acquisition  times  with  target 
detection  and  recognition. 

Methods  and  Procedures 

Subjects . Seven  TCs  from  the  1st  Cavalry  Division,  Fort  Hood, 
served  as  subjects.  One  was  an  Ff>,  five  were  F.Ss,  and  one  was  an  EA. 
Average  experience  as  a TO  was  approximately  five  months.  All  were 
serving  as  TCs  at  the  time  this  investigation  was  conducted. 

A larger  number  of  subjects  would  have  been  desirable,  but  because 
of  other  heavy  commitments,  the  Division  was  able  to  provide  only  seven. 

Test  design.  Table  IV-2  depicts  the  test  conditions  that  were 
used.  Each  subject  completed  bO  target  acquisition  trials  with  and  TO 
without  the  aiming  reference  for  a total  of  120  trials  over  the  ent ' d 
study.  Dnder  each  diming  reference  condition,  the  suhjnr*-  comp'e'ed 
training  trials  followed  by  12  test  trials.  A trial  i ; defined  as  the 
time  taken  to  slew  the  turret  from  the  zero  point  aid  place  tie  toss- 
hair  of  the  rangefinder  on  the  approximate  center  of  mass  i i the 
appropriate  target.  Two  different  sets  of  four  targets  were  em- 

ployed for  training  and  testing.  This  was  done  to  ensure  that  the 
subjects  had  learned  general  procedures  or  techniques  rather  than  simply 
learning  how  best  to  acquire  one  specific  set  of  targets.  The  test  set 
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Table  IV- 2 
Test  Conditions 


Without  Aiming  Reference 

Training  Targets 

Cupola  forward /closed  hatch 
(16  trials) 

Cupola  rear /closed  hatch 
(16  trials) 

Cupola  forward/open  hatch 
(16  trials) 


TOTAL  48  trials 


Test  Targets 

Cupola  forward/closed  hatch 
(4  trials) 

Cupola  rear/closed  hatch 
(4  trials) 

Cupola  forward/open  hatch 
(4  trials) 


TOTAL  12  trials 


With  Ainina  Reference 

Training  Targets 

Cupola  forward /closed  hatch 
(16  trials) 

Cupola  rear /closed  hatch 
(16  trials) 

Cupola  forward /open  hatch 
(16  trials) 


TOTAL  48  trials 


Test  Targets 

Cupola  forward/closed  hatch 
(4  trials) 

Cupola  rear /closed  hatch 
(4  trials) 

Cupola  forward /open  hatch 

(4  trials) 


TOTAL  12  trials 
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of  targets  was  selected  to  approximate  the  training  set  in  terms  of 
■a  igles  and  ranges.  Insofar  as  possible  the  order  of  presentation  of 
botn  conditions  and  targets  was  counterbalanced  across  s-n  (see 

Appendix  B). 

A ' mint]  r .'  erence.  Tile  aiming  reference  consisted  of  two  1/8  inci 
wide  strips  of  adhesive  tape.  One  of  these  was  attached  vertically  to 
the  outside  of  the  viewing  window,  bisecting  it.  The  TO  then  laid  the 
crosshair  in  the  rangefinder  on  the  center  of  one  of  the  targets. 
Following  this,  he  placed  the  second  strip  of  tape  on  the.  inside  of  the 
window  so  the  inner  and  outer  strips  were  aligned  with  the  target. 
Finally,  he  assumed  his  normal  operating  position  and  checked  that,  when 
coincident,  the  two  marks  biset  ted  the  target.  If  not,  the  inner  strip 
was  adjusted.  The  TCs  found  that  alignment  was  easier  if  on  I y one  eye 
was  used.  They  also  reported  using  only  one  eye  v.hen  actually  acquiring 
targets  with  the  aid  of  the  aiming  reference.  The  aiming  reference  was 
attached  to  tin  unity  win  low  of  the  commander's  sight  when  the  ev  1 -> 
was  in  the  forward  position,  and  to  the  center  vision  block  when  the 
cupola  was  in  the  rear  position. 

Test  site  configuration.  The  test  site  was  coni'  igur.  . I.  t . 
same  as  in  Study  I.  However,  two  sets  of  f >ur  targets  tone  i >r  1 1 -t : .it  up 
and  one  for  t 1 ting)  were  employed.  The  test  vehicle  was  placed  on  a 
small  hill  which  overlooked  the  surrounding  area.  All  targets  were 
either  manmade  or  easily  identifiable  natural  terrain  feature:,.  The 
layout  of  the  target  arrays  is  shown  in  Figure  IV-3. 

Procedures . The'  procedures  employed  were  essentially  the  same'  as 
those  used  In  Study  I.  Commanders  were  first  briefed  on  the  target 
locations.  Upon  entering  the  tank,  each  TC  was  told  to  adjust  the  sent. 
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TARGET  ARRAYS 

TRAINING  TARGETS 


TARGET  1 
BORESIGHT  PANEL 


TARGET  2 

BORESIGHT  PANEL 


TARGET  3 
LARGE  DEAD  TREE 


TARGET  4 

RANGE  BUILDING 


FIRING  FAN  =61°  (1.085.8MILS) 


TARGET  DEGREES  FROM  ZERO 

TARGET  I = 28°L  TARGET  3 = 19  R 
TARGET  2 - 17°L  TARGET  4 = 33" R 


TARGET  1 

LARGE  GROVE  OF  TREES 


TEST  TARGETS 
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foot  platform,  rangefinder  distance  settings,  etc.,  and  make  any  other 
idjustments  he  would  normally  make  in  his  own,  tank.  The  military  assis- 
tant, seated  in  the  gunner’s  seat,  then  moved  the  turret  and  aligned  the 
gunner's  sight  on  the  zero  panel.  The  commander  verified  that  the  gun 
laying  reticle  in  the  rangefinder  coincided  with  the  gunner's  aiming 
point.  The  experimenter  verified  the  reticle  settings.  The  assistant 
tnen  traversed  the  turret  .and  Laid  on  each  of  the  four  ''training"  tar- 
gets. 

The  TC  was  then  instructeu  to  traverse  the  turret  and  lay  on  each 
target  with  the  hatch  open  and  then  with  the  hutch  closed.  Each  TC  was 
given  the  chance  to  observe  and  practice  laying  on  all  targets  to  mini- 
mize misident i f icat ion . This  procedure  was  followed  each  time  the 
cupola  position  was  changed.  The  same  procedure  was  followed  for  the 
"test"  targets. 

During  both  training  and  testing,  commanders  were  t"M  to  align 
their  sighting  reticle  is  near  cover  of  mass  as  posuihli  f oa<  h 
target  or  target  rea.  The  military  assistant , who  was  a tank  com- 
mander, verified  that  each  comma' dor  1 id  laid  on  the  cot  ',ct  target  1 
was  alignc!  on  tie*  approximate  r eit  -f  tar  ,.t  mass. 

Targets  for  «.  tch  trial  wot  e <:  sic  " >><  h\  tl  ■ ■ *•»;  . • ' 4 *rr.ei 
called  a number  which  designated  each  target. 

Two  subjects  were  run  per  day  — one  in  the  morning  and  one  in  the 
afternoon.  Each  TC  took  approximately  two  hours  to  finish  the  1 ?0 
target  acquisition  trials.  Including  practice  and  installation  o re- 
moval of  the  aiming  reference.  Timing  was  accomplished  by  the  esc  of  a 
handheld  stopwatch.  The  time  for  each  trial  was  rounded  to  the  nearest 
whole  second. 
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Results 


Table  IV-3  gives  the  means  and  standard  deviations  for  all  of  the 
test  conditions  and  all  of  the  targets.  Inspection  of  the  tabled  values 
will  reveal  a remarkable  similarity  between  the  mean  acquisition  times 
for  all  of  the  conditions.  The  range  is  only  from  5.5  seconds  to  7.0 
seconds.  The  standard  deviations  for  these  means  show  a similar  lack  of 
variability  between  conditions. 

Appendix  C graphically  presents  acquisition  times  for  the  various 
targets  with  and  without  an  aiming  reference.  The  reader  is  directed  to 
these  figures  if  he/she  has  any  special  interest,  but  it  should  be  noted 
that  the  actual  differences  between  the  bars  is  very  small. 

Appendix  D shows  the  frequency  distribution  of  times,  both  with  and 
without  the  aiming  reference.  These  distributions  are  mainly  noteworthy 
for  their  negative  skewness.  This  is  typical  of  latency  type  measures. 

Figure  IV-4  displays  learning  curves  for  various  conditions  over 
four  blocks  of  trials.  Each  curve  presents  the  composite  performance  of 
the  seven  subjects.  It  is  interesting  to  note  that  in  the  majority  of 
the  conditions,  performance  continues  to  improve  with  practice,  even 
over  112  trials.  This  indicates  that  the  task  of  accurately  controlling 
turret  movement  is  very  difficult  and  that  considerable  practice  would 
be  required  before  a plateau  in  learning  would  be  reached.  This  aiffi- 
culty  in  learning  is  most  likely  due  to  the  considerable  lag  and  non- 
linearity between  control  movement  and  system  response. 

Analysis  Of  variance.  The  data  from  the  study  were  then  subjected 
to  an  Analysis  of  Variance  (ANOVA) . The  design  of  the  study  permitted 
the  use  of  a f ive-fa^or  factorial  ANOVA  (aiming  reference  x training 


TABLE  IV- 3 
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Acquisition  Times  in  Seconds  for  All  Conditions  and  Targets 


Conditions 

N 

X 

SD 

All  conditions  with  and  without  aiming  reference 

840 

6 .1 

2.19 

All  conditions  with  aiming  reference 

420 

6.2 

2.48 

All  conditions  without  aiming  reterence 

420 

6.1 

1.87 

Training  & test  with  aiming  relerenee 

Cupola  forward /closed  hatch 

140 

6.5 

1.64 

Cupola  rear/closed  hatch 

140 

5.5 

3.46 

Cupola  forward/open  hatch 

140 

6.5 

1 . 76 

Training  & test  without  aiming  reference 

Cupola  forward/'closed  hatch 

140 

6.3 

1 . 09 

Cupola  rear/closed  hatch 

140 

5.5 

1.51 

Cupola  forward/up  :u  natch 

140 

6 . 4 

1.82 

With  aiming  reference  (train. ng  targets! 

Cupola  forward /closed  hatch 

112 

6.3 

1.18 

Cupola  rear/closed  hatch 

112 

6.3 

? . 00 

Cupola  forward /open  hatch 

112 

6.6 

i . s ; 

With  aiming  reference  (test  targets) 

Cupola  forward /closed  hatch 

28 

7.4 

2 . 70 

Cupola  rear h losed  hatch 

28 

6.0 

1.41 

Cupola  forward /opui  hatch 

28 

6.1 

1.41 

Without  aiming  reference  (training  targ  is) 

Cupola  f orward/c losed  hatch 

11 ; 

6 . 3 

2 . r 

Cupola  rear /c losed  ha'  !■ 

112 

5.5 

j . . ; 1 

Cupola  forward /open  'c 

1 12 

6.4 

i 

Without  aiming  reference  (test  targets) 

Cupola  f orward/c  lost u hatch 

28 

6.1 

i.  1 : ! 

Cupola  rear/e’osed  hatch 

'8 

. 7 , 

1 . 94 

Cupola  forward/open  hatch 

28 

6.6 

1 . 51 

NOTE:  Each  subject  performed  a total  of  120  target  acquisition  engagement 
thus,  each  mean  is  based  on  measurements  of  acquisition  time. 
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Training  Targets 
With  Aiming  "Reference 


FIG.  IV-4  (confd) 
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Condition:  Cupola  Rear/Closed  Hatch 

6.Gt 
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j 


) 


! 

i 


Condition:  Cupola  Forward/Open  Hatch 
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condition  x cupola  position  x target  x subjects) . Trials  were  not 
included  as  an  experimental  factor  because  different  numbers  of  trials 
were  performed  under  training  and  test  conditions.  Each  subject  re- 
ceived a score  for  each  treatment  condition  that  was  a mean  of  the 
trials  he  had  received  under  that  condition.  This  is  a particularly 
powerful  form  of  ANOVA  which,  however,  is  very  cumbersome  to  compute. 

The  analysis  allows  testing  of  all  main  effects  and  all  interactions 
and,  as  it  is  generally  computed,  offers  a separate  error  term  for  each 
comparison.  However,  for  the  present  case,  it  was  decided  not  to  pre- 
sent any  of  the  interactions  of  a higher  cedar  than  the  three-way.  This 
decision  was  based  on  the  observation  that  ;)a  four-way  interaction  was 
not  significant,  and  of  little  experimental  interest.  Therefore,  the 
four-way  interaction  was  pooled  with  the  error  terms  for  all  other 
factors  and  interactions,  yielding  a single  error  term  with  294  degrees 
of  freedom. 

The  results  of  the  ANOVA  are  presented  as  Table  IV-4.  A brief 
survey  of  the  tabled  F values  will  reveal  that  none  of . them  approaches 
significance.  Thus,  the  null  hypothesis  of  no  difference  between  the 
experimental  conditions  cannot  be  rejected. 

CONCLUSIONS 

Although  this  investigation  was  concerned  only  with  the  acquisition 
of  stationary  targets  from  a stationary  tank,  the  results  are  quite 
heartening.  No  degradation  was  observed  in  target  acquisition  perfor- 
mance in  the  closed-hatch  mode.  Furthermore,  the  modal  time  of  five 
seconds  indicates  that  a first  round  could  usually  be  fired  within  six 
or  seven  seconds,  even  in  the  closed-hatch  mode.  This  result  was  sur- 
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Table  IV-4 


Analysis  of  Variance  Results 


Factor 

SS 

df 

MS 

F 

A 

10.1 

1 

10.1 

.22 

TT 

0.7 

1 

0.7 

.02 

Cp 

27.6 

2 

13.8 

.30 

T 

14.7 

3 

4.9 

.11 

Ss 

368.8 

6 

60.6 

A x TT 

0.1 

1 

0.1 

.00 

A x Cp 

9.2 

2 

4.6 

.10 

A x T 

4.7 

3 

1.6 

.03 

TT  x Cp 

5.6 

2 

2.8 

.06 

TT  x T. 

3.7 

3 

1.2 

.03 

Cp  x T 

13.0 

6 

2.2 

.05 

A x TT  x Cp 

31.2 

2 

15.6 

.34 

A x Cp  x T 

32.4 

3 

10.8 

.23 

TT  x Cp  x T 

36.6 

6 

6.1 

.13 

Error 

13,580.6 

294.0 

46.2 

TOTAL 

14,135.0 

335.0 

A = With  and  without  aiming  reference 

TT  = Training  and  test  conditions 

Cp  = Cupola  positions  ■ 
T = Individual  targets 
Ss  = Subjects 
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prising,  as  TCATA  reported  mean  detection-to-engagement  times  ranging 
from  9.6  to  18.8  seconds.  The  task  in  the  present  research  was  somewhat 
simpler  than  that  faced  by  the  TCATA  test  participants.  However,  the 
times  obtained  in  the  present  study  were  considerably  lowei  than  ex- 
pected based  on  the  previous  work. 
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APPENDIX  A 


TEST  SCHEDULE 


Order  of  Test  Conditions 

I.  Open  Hatch  Acquisition:  No  Speed  Control,  Cupola  Forward 

II.  Closed  Hatch  Acquisition:  Controlled  Speed  Cupola  Forward 

III.  Closed  Hatch  Acquisition:  No  Speed  Control,  Cupola  Forward 

IV.  Closed  Hatch  Acquisition:  No  Speed  Control,  Cupola  Rear 

V.  Closed  Hatch  Acquisition:  Controlled  Speed,  Cupola  Rear 


Order  of  Tank  Acquisition  Conditions  Among  Subjects 


1st  Day 
I 
II 
III 
IV 
V 


2nd  Day 
II 
III 
1 
V 
IV 


3rd  Day 
III 
I 
II 
U 
V 


Target  Trials 


Each  subject  acquired  four  different  targets  under  each  condition.  The 
target  acquisition  sequence  was  randomized  among  the  four  targets  for 
each  subject. 
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APPENDIX  B 


TANK  ACQUISITION  CONDITIONS 


Training  Targets 


A.  W/O  Aiming  Reference 

1.  Cupola  forward/closed  hatch 

2.  Cupola  rear /closed  hatch 

3.  Cupola  forward/open  hatch 


B.  W/  Aiming  Reference 

1.  Cupola  forvard/closed  hatch 

2.  Cupola  rear/closed  hatch 

3.  Cupola  forward/open  hatch 


Test  Targets 


c.  W/0  Aiming  Reference 

D.  W/ 

Aiming  Reference 

1. 

Cupola  forward/closed  hatch 

1. 

Cupola  forward/closed  hatch 

2. 

Cupola  rear/closed  hatch 

2. 

Cupola  rear/closed  hatch 

3. 

Cupola  forward/open  hatch 

3. 

Cupola  forward/open  hatch 

Order  of  Tank  Acquisition  Conditions  Among  Subjects 


S-l 

S-2 

S-3 

S-4 

S-5 

S-6 

S-7 

A1 

B1 

B2 

A 2 

A1 

Bl 

B2 

TNG 

A2 

b2 

B1 

A1 

A2 

B2 

Bl 

A3 

B3 

B3 

A3 

A3 

B3 

B3 

Cl 

D1 

D1 

Cl 

Cl 

Dl 

Bl 

TEST 

C2 

D2 

D2 

C2 

C2 

D2 

D2 

C3 

D3 

D3 

C3 

C3 

D3 

D3 

B1 

A2 

A1 

B1 

B2 

A2 

Al 

TNG 

B2 

Al 

A2 

B2 

Bl 

Al 

A2 

B3 

A3 

A3 

B3 

B3 

A3 

A3 

D1 

Cl 

Cl 

D1 

Dl 

Cl 

Cl 

TEST 

D2 

C2 

C2 

D2 

D2 

C2 

C2 

D3 

C3 

C3 

D3 

D3 

C3 

C3 
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Target  Trials 

Ta.get  acquisition  sequence  was  balanced  across  each  of  the  two  sets  of 
turrets  used.  Each  set  consisted  of  four  targets.  Below  are  examples 


original 

scores  sheets: 

Condition: 

Cun  Forward/Closed  Hatch 

Trial 

Target 

Target 

Target 

Target 

1 

4 

1 

2 

3 

2 

3 

2 

1 

4 

3 

1 

3 

4 

2 

4 

2 

4 

3 

1 

Condition:  Gun  Rear/Closed  Hatch 

Target  Target 

1 4 

4 2 

3 1 

2 3 


Trial  Target  Target 

1 3 2 

2 ,1  3 

3 2 4 

4 4 1 
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APPENDIX  C TO- CHAPTER  IV 


FARGET  ACQUISITION  TIMES  WITH  AND  WITHOUT  AIMING  REFERENCE 


Without  Aiming  Re- 


Without  Aiming  Reference 


3r 


APPENDIX  D 

DISTRIBUTION  OF  TARGET  ACQUISITION  TIMES 


lime 

No.  Responses 

No.  Responses 

Combined 

(Seconds) 

W/  Aiming  Reference 

W/0  Aiming  Reference 

Totals 

17 

- 

1 

1 

16 

1 

1 

2 

15 

1 

1 

2 

14 

1 

1 

2 

13 

3 

3 

6 

12 

2 

- 

2 

11 

2 

5 

7 

10 

13 

7 

20 

9 

23 

10 

33 

8 

36 

32 

68 

7 

84 

73 

157 

6 

113* 

93 

206 

5 

104 

134* 

238* 

4 

'5 

52 

87 

3 

2 

5 

7 

2 

- 

2 

2 

*Modal  score 

N - 420 

for  each  category. 

N = 420  N 

= 840 

IV- 34 


CHAPTER  V 


TANK  CREW  MEASURES  OF  EFFECTIVENESS 

Mi 1 itary  Need 

Ln  case  of  hostilities  in  central  Europe,  friendly  forces  are  ex- 
pected tc  be  greatly  outnumbered.  In  order  to  survive  and  win  in  such 
circumstances,  they  must  be  the  best  trained  and  most  effective  fighting 
force  in  the  world.  In  order  to  ensure  maximum  effectiveness  of  US 
forces,  Measures  of  Effectiveness  (MOE)  for  all  aspects  of  armored 
operations  must  be  derived  so  that  commanders  can  evaluate  their  own 
crews,  discover  deficiencies,  and  take  corrective  measures. 

MOE  can  be  classified  for  purposes  of  discussion  into  those  con- 
cerned primarily  with  military  hardware,  and  those  concerned  primarily 
with  the  personnel  who  operate  the  hardware.  MOE  for  military  hardware 
are  generally  explifcit,  quantitative,  and  specified  prior  to  development 
in  the  Required  Operational  Capabilities  (ROC)  document.  Firing  rates, 
effective  ranges,  maximum  march  order  and  emplacement  times,  mean  ii 
cular  miss  distances,  and  single  shot  kill  probabilities  against  parti- 
cular targets  are  frequently  employed  examples.  Tests  to  determine 
whether  an  item  of  hardware  meets  such  cb  .--~tiv>s  are  conducted  unde 
carefully  controlled  conditions,  with  every  effort  being  made  to  ensu  ° 
proper  maintenance  and  operation  of  the  system.  However,  dete! mining 
the  efficiency  or  capability  of  the  hardware  is  not  the  purpose  of  this 
research.  Our  objective  is  determining  the  efficiency  and  apabili'y  ot 
the  crew  in  making  maximum  use  of  the  system  as  it  is.  The  ultimate 
goal  of  this  research  is  to  derive  M' 1 to  determine  exactly  how  well 
crews  are  meeting  that  objective. 
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Effectiveness,  or  potential  effectiveness,  of  operator  personnel  is 
typically  determined  by  the  employment  of  job  proficiency  tests.  Harris, 
et  al,/  identified  five  areas  in  which  job  proficiency  tests  played  an 
important  role  in  decision  making.  These  are: 

1.  Evaluating  training 

2.  Evaluating  MOS  proficiency 

3.  Evaluating  changes  to  the  personnel  system 

4.  Conducting  personnel  research 

5.  Determining  unit  readiness. 

The  primary  focus  of  this  effort,  as  implied  by  the  title,  "Tank  Crew 
Measures  of  Effectiveness,"  is  on  the  fifth  area  cited  by  Harris  and  his 
co-workers.  However,  it  must  be  pointed  out  that  MOE  must  do  much  more 
than  simply  indicate  a readiness  status.  To  be  maximally  useful,  these 
measures  must  also  provide  diagnostic  information.  That  is,  they  must 
tell  us  exactly  where  any  deficiencies  in  performance  occur.  Without 
such  information,  corrective  steps  cannot  be  taken,  and  the  ultimate 
goal  of  most  ^valuation  is  the  elimination  of  deficiencies  or  short- 
comings. inerefore,  when  evaluating  readiness,  one  is  also  evaluating 
training,  and  developing  information  to  feed  back  to  training  managers. 

In  stating  that  an  individual,  a crew,  oi  a larger  personnel  unit 
is  "effective,"  we  typically  imply  that  some  predetermined  standard  has 
been  met.  For  example,  we  might  provide  a standard  such  as  the  following: 


^J.  H.  Harris,  R.  C.  Campbell,  W.  C.  Osborn,  and  J.  A.  Boldovici. 

Development  of  a Model  Job  Performance  Test  For  a Combat  Occupational 
Specialty,  Volume  I.  Test  Development;  Volume  II:  Instructions  and 
Procedures  for  Conducting  a Functionally  Integrated  Performance  Test, 

Final  Report  FR-CD(L)-75-6,  Human  Resources  Research  Organization, 
Alexandria,  Virginia,  November  1975. 
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Given  (a)  a stationary  M60A1AOS  tank  with  the  main 
gun  battlesighted  with  SABOT,  (b)  an  operational 
gunner's  day  periscope,  and  (c)  a moving  tank 
target  that  is  visible  at  less  than  3200  meters 
without  artificial  light  during  the  day;  gunner  ' 
will  open  fire  within  16  seconds,  and  neutralize 
the  target  within  24  seconds  of  the  alert  element 
of  the  tank  commander's  command,  using  no  more 
than  two  rounds.^ 

If  the  gunner  meets  this  performance  standard,  he  is  rated  an  effective 
gunner.  If  not,  he  is  deemed  ineffective,  and  is  typically  given 
refresher  training.  However,  scoring  is  typically  on  a "GO"  or  "NO-GO" 
basis.  Gunners  may  receive  extra  credit  points  for  exceeding  the  stan- 
dard by  some  given  amount,  but  those  who  fail  to  meet  the  standard  are 
simply  considered  failures.  In  other  words,  the  standard  represents  the 
minimum  acceptable  level  of  performance. 

Against  this  background,  it  would  seem  that  to  develop  tank  crew 
MOE,  it  would  only  be  necessary  to  determine  what  tank  crews  do,  and 
develop  minimal  acceptable  standards  of  performance.  In  concept,  this 
seems  simple  enough.  However,  as  will  be  seen  in  the  following  sec- 
tions, the  problems  involved  in  deriving  MOE  are  both  numerous  and 
difficult. 

Background  and  Approach 

At  the  outset,  three  objectives  were  set  for  this  phase  of  the  re 

search  on  tank  crew  MOE.  These  were: 

a.  To  determine  what  set  of  MOE  were  currently  being 
employed  by  commanders,  and  to  assess  their 
reliability  and  validity  for  combat. 


2 

R.  E.  Kraeiner,  J.  A.  Boldovici,  and  G.  G.  Boycan.  Job  Objectives  For 
M60A1AOS  Tank  Gunnery,  Research  Memorandum  76-9,  Human  Resources 
Research  Organization,  and  Army  Research  Institute,  April  1976. 
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b.  To  determine  what  critical  functions  were  not 
currently  being  evaluated. 

c.  To  propose  a research  program  to  develop  the 
necessary  information  to  derive  MOE  fo’-  those 
critical  functions  not  being  currently  evaluated. 

These  objectives  were  to  be  met  by  first  surveying  all  of  the  ongoing 
and  previous  work  in  the  area  to  determine  what  gaps  needed  to  be 
filled.  Therefore,  as  a first  step,  an  attempt  was  made  to  locate 
literature  dealing  with  MOE,  and  to  discover  what  other  military  agen- 
cies were  conducting  relevant  work.  Early  during  this  step  it  became 
apparent  that  techniques  for  evaluating  the  performance  of  crews  or 

2 

larger  personnel  units  were  still  in  their  infancy.  Wagner,  et  al. , 
summarized  the  state-of-the-art  in  team  training  and  evaluation  stra- 
tegies. While  this  work  was  not  specifically  directed  toward  tank 
crews,  a tank  crew  is  encompassed  within  the  authors'  meaning  of  the 

term  "team."  Borrowing  heavily  on  the  definition  of  a team  presented  by 

4 

Glaser,  Klaus,  and  Egerman,  Wagner  and  his  co-workers  define  team 
training  as: 

The  t "aining  of  two  or  more  individuals  who  are  associated 
together  in  work  or  activity.  The  team  is  relatively  rigid  in 
structure  and  communication  pattern.  It  is  goal  or  mission- 
oriented  with  the  task  of  each  team  member  well-defined.  The 
functioning  of  the  team  depends  upon  the  coordinated  partici- 
pation of  all  or  several  individuals.  The  focus  of  team 
training  and  feedback  is  on  team  skills  (e.g.,  coordination), 
activities  and  products. 


7 

H.  Wagner,  N.  Hibbits,  R.  D.  Rosenblatt,  and  R.  Schulz.  Team  Training 
and  Evaluation  Strategies:  State-of-the-Art , Technical  keport  77-1, 
Human  Resources  Research  Organization,  Alexandria,  Virginia,  February 
1977. 

4 

R.  Glaser,  D.  J.  Klaus,  and  K.  Egerman.  Increasing  Team  Proficiency 
Through  Team  Training:  2.  The  Acquisition  rand  Extinction  of  a Team 
Response , Technical  Report  AIR  B64-5/62,  American  Institutes  for 
Research,  May  1962. 
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This  report  points  out,  that  while  the  military  services  conduct  up  to 
90  percent  of  their  training  in  the  operational  commands,  most  training 
resea. eh  has  been  focused  on  individual  training  in  institutional 
settings.  For  example,  in  FY  1974,  the  Army  Research  Institute  (API) 
conducted  the  largest  program  of  unit  training  and  evaluation  research 
in  history.  Yet,  less  than  two  million  dollars  (only  11  percent  of  the 
human  resources  research  budget)  was  spent  in  this  area,  although  spo- 
radic work  was  conducted  over  the  previous  20  years.  Therefore,  many 
gaps  were  found  to  exist  in  state-of-the-art  team  training  strategies 
and  evaluation  techniques. 

Although  Wagner,  et_  al.5  reported  that  work  specific  to  team  train- 
ing and  evaluation  was  comparatively  sparse,  the  present  authors  found  a 
considerable  body  of  literature  dealing  with  MOE  in  general,  and  some 

dealing  specifically  with  training  effectiveness  and  operational  effec- 

6 

tiveness.  For  example,  TRADOC  PAM  11-8,  Cost  and  Operational  Effec- 

7 

tiveness  Analysis  Handbook,  and  TRADOC  PAM  71-10,  Cost  and  Training 
Effectiveness  Analysis  Handbook,  obviously  deal  with  the  concepts  of 
operational  and  training  effectiveness.  However,  upon  closer  examina- 
tion these  two  publications  are  of  only  marginal  value  for  the  present 
research.  TRADOC  PAM  11-8  is  oriented  toward  an  evaluation  of  the 

^Wagner,  et  al . , op.  cit. 

^TRADOC  PAM  11-8.  Cost  and  Operational  Effectiveness  Analysis  Handbook, 

US  Array  Training  abd  Doctrine  Command,  Fort  Monroe,  Virginia,  November 
1974 . 

^TRADOC  PAM  71--I0.  Cost  and  Training  Effectiveness  Analysis  Handbook 

(Draft),  US  Army  Training  and  Doctrine  Command,  Fort  Monroe,  Virginia, 
November  1976. 
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operational  effectiveness  of  new  materiel,  different  organizational 
concepts,  and  different  operational  concepts.  The  techniques  described 
for  assessing  effectiveness  do  not  seem  to  be  applicable  to  assessing 
the  performance  of  personnel.  In  fact,  PAM  11-8  piovides  virtually  no 
advice  on  the  selection  of  MOE,  Its  authors  assume  that  the  MOE  will  be 
provided  by  an  agency  other  than  the  cne  actually  conducting  the  analy- 
sis. The  pamphlet  states: 

Selection  of  the  MOE  is  a subjective  process 
based  on  how  the  proponent  believes  force 
effectiveness  may  best  be  assessed.  Its 
selection  is  the  responsibility  of  the  pro- 
ponent, with  analytical  advice  when  necessary 
to  ensure  that  the  particular  MOE  can  be 
quantified. 

As  can  be  seen,  responsibility  for  the  selection  of  MOE  is  fixed  with 
the  agency  desiring  the  analysis.  However,  no  documents  to  guide  the 
proponent  agency  in  the  selection  of  MOE  have  been  located.  Neverthe- 
less, it  can  probably  be  assumed  that  the  testing  agency  would  attempt 
to  eliminate  the  human  element  to  the  greatest  extent  possible.  Other- 
wise, an  inferior  item  of  materiel  or  a poor  organizational  or  opera- 
tional concept  might  be  chosen  simply  because  of  differences  in 
personnel.  A warning  against  this  possibility  is  found  in  another 
document  concerned  with  the  type  of  exercises  that  should  be  employed  in 
testing  materiel.  It  is  pointed  out  that  free-wheeling,  two-sided  FTX 
type  of  exercises  "..^instead  of  tests  of  the  developmental  materiel, 

...  amount  essentially  to  tests  of  the  people  operating  the  equipment; 

O Q 

...."  J Since  it  is  precisely  that  which  is  desired  in  this  research, 

O # 

US  Department  of  the  Army.  Final  Report  on  Special  Study,  Methodology 
Investigation  For  Measures  of  Effectiveness , TECOM  Project  No.  9-C0-00C- 
000-007,  US  Army  Armor  and  Engineer  Board,  Fort  Knox,  Kentucky,  August 
1971. 

^Italics  added  by  authors. 
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i.e.,  to  test  the  people  operating  the  equipment , the  excellent  guidance 
provided  in  TRADOC  PAM  11-8  is  simply  not  suitable  for  personnel  or 
training  evaluations. 

TRADOC  PAM  71-10,  "Cost  and  Training  Effectiveness  Analysis  Hand- 
book," discusses  Measures  of  Training  Effectiveness  (MOTE)  at  some 
length.  However,  it  clearly  states  that  the  analyst  will  have  to 
develop  his  own.  For  example,  the  publication  states:  "At  the  present 
tine  there  appears  to  be  no  universal,  on-the-shelf  MOTE  for  CTEA.  If 
they  exist,  CTEA  experience  has  not  been  sufficiently  accumulated  to 
identify  them."  The  document  does,  however,  suggest  sources  of  informa- 
tion which  are  described  as  being  either  theoretical,  empirical,  or 
analytical  in  nature.  It  also  suggests  that  typical  MOTE  are  hit  accu- 
racy, pretraining/post  training  changes  in  performance,  navigational 
error,  performance  retention,  rate  of  skill  acquisition,  and  correctness 
of  decision.  This  listing  is  by  no  means  intended  to  be  exhaustive,  and 
it  is'still  left  to  the  analyst  to  decide  which  MOTE  are  appropriate  ‘or 
his  situation.  Even  assuming  some  of  the  above  listed  are  judged  ap- 
propriate, the  analyst  must  still  decide  on  what  quantity  of  each  is 
minimally  acceptable.  For  example,  for  "hit  accuracy,"  he  must  decide 
what  percentage  of  hits,  or  what  mean  miss  distance  constitutes  effec- 
tive performance.  Hopefully,  guidance  on  these  matters  can  be  found  1 i 
the  theoretical,  empirical,  and  analytical  sources  referred  to  earlier, 
but  much  still  remains  for  the  analyst  to  do.  In  brief,  this  pamphlet 
outlines  a methodology  for  the  development  of  MOE,  but  leaves  much  to 
the  judgment,  ingenuity,  and  hard  work  of  the  analyst.  Therefore,  its 
immediate  usefulness  in  the  present  research  is  limited. 


i — r~~nr[TTWTOi  .jjiu.  ...... 
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Literature  concerned  with  MOE  is  relatively  plentiful.  In  fact,  a 
bibliographic  search  of  literature  available  through  the  Defense  Docu- 
mentation Center  (DDC)  revealed  149  documents  which  used  either  the  term 
"Measure  of  Effectiveness"  or  "Measures  of  Effectiveness"  as  an  identi- 
fier. However,  most  of  these  proved  to  be  only  marginally  relevant. 

The  vast  majority  were  concerned  solely  with  hardware  parameters  (e.g., 
mean  miss  distance  of  a bench-fired  weapon).  Those  concerned  with 
operational  effectiveness  tended  to  be  highly  specific  \o  both  hardware 
and  operational  situations  (e.g.,  see  Hammell,  et  al.^1 ) Those  con- 
cerned with  training  effectiveness  tended  to  be  either  oriented  toward 

individual  training,  or  were  very  broad  and  theoretical  in  nature  (e.g., 
71  '12 

see  Lyons  or  Bond  and  Rigney  ).  This  does  not  mean  that  there  was  no 
relevant  information  in  these  reports.  Many  of  the  notions  discussed, 
problems  encountered,  and  MOE  described  provided  considerable  food  for 
thought.  However,  the  information  useful  to.  this  present  effort  was 
largely  general  or  theoretical  in  nature,  and  constituted  only  minor 
portions  of  some  of  the  reports. 

A few  reports,  some  located  through  bibliographic  search  and  some 
through  other  sources,  dealt  specifically  with  the  development  of  MOE 


T.  J.  Hammell,  C.  E.  Gasteyer,  and  A.  J.  Pesch.  Advanced  Officer  Tactics 
Training  Device  Needs  and  Performance  Measurement  Technique  - Volume  T, 
TR:NAVTRAEQUIPCEN  72-C-0053-1,  General  Dynamics  Corporation,  General 
Boat  Division,  Groton,  Connecticut,  November  1973. 

^?J.  D.  Lyons.  "Measuring  Effectiveness.  Quality  Control  of  Training," 
Paper  for  New  York  University  First  National  Annual  Training  in 
Business  and  Industry  Conference,  New  York  City,  March  1972.  (Included 
in  HumRRO  Professional  Paper  16-72,  Human  Resources  Research  Organiza- 
tion, Alexandria,  Virginia,  July  1972.) 

^'n.  A.  Bond,  Jr.,  and  J.  W.  Rigney.  Measurement  of  Training  Outcomes , 

T chnical  Report  No.  66,  Behavioral  Technology  Laboratories,  University 
of  Southern  California,  Los  Angeles,  California,  June  1970. 


for  assessing  performance  of  crews  or  larger  teams.  A very  few  dealt 
specifically  with  tank  crews  or  tank  platoons.  All  of  these  were  con- 
sidered to  be  highly  relevant.  However,  the  more  recent  works  dealing 
with  tank  crew  or  platoon  performance  were  devoted  almost  exclusively  to 
gunnery.  In  addition,  they  were  essentially  progress  reports,  indi- 
cating that  the  work  on  MOE  was  as  yet  incomplete. 

Without  further  belaboring  the  point,  after  examining  the  available 
literature  and  contacting  other  agencies  involved  in  armor  research,  it 
became  obvious  that  the  approach  to  the  problem  would  have  to  be  changed. 
There  was  no  set  of  MOE  in  current  use  as  implied  in  the  first  objective. 
In1  fart,  the  gunnery  tables,  especially  Table  VIII,  appeared  to  be  the 

predominant  and  only  consistently  used  MOE  for  crew  evaluation. ^ 

' 14 

Despite  the  fact  that  Table  VIII  has  obvious  faults,  there  are  simply 
no  other  accepted  measures  available  to  commanders.  Furthermore,  vir- 
tually all  of  the  work  in  progress  is  also  directed  toward  the  gunnery 
functions.  Therefore,  the  second  of  the  original  objectives  is  reduced 
to  the  determination  of  critical  functions  outside  of  gunnery.  None  of 
these  other  critical  functions  appear  to  be  evaluated  at  present.  The 
third  objective,  that  of  proposing  a research  program  to  dove '.op  th< 
necessary  information  to  derive  MOE,  remains  unchanged.  Howe/er,  it 
takes  on  increased  significance,  as  it  now  appears  that  this  could  1.  a 
truly  major  research  effort. 

IS 

J.  A.  Larson,  W.  K.  Earl,  and  V.  A.  Hanson.  Assessment  of  US  Tank  Crew 
Training , TCATA  Test  Report  No.  FM  331,  Final  Report  (23  March  75  - 15 
March  76),  Headquarters,  TRADOC  Combined  Arms  Test  Activity,  Fort  Hood, 
Texas.  July  1976. 

^P.  F.  Gorman,  "Trends  in  the  Army's  Training  System,"  Presentation  made 
to  the  Army  War  Coliege,  Fort  Leavenworth,  Kansas,  21  January  1977. 
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After  examining  the  literature  and  discussing  mutual  interests  with 
other  interested  agencies,  a new  approach  to  the  problem  for  this  phase 
of  the  research  was  chosen.  It  was  decided  that  the  first  phase  should 
be  a study  and  discussion  of: 

a.  The  problems  associated  with  the  development  of 
MOE  for  team  evaluations. 

b.  Current  approaches  to  training  and  evaluation 
of  teams. 

c.  Research  priorities  for  the  development  of  tank 
crew  MOE. 

The  remainder  of  this  chapter  is  divided  into  sections  which  corre- 
spond to  the  three  areas  listed  above. 

Problem  Areas 

Defining  effectiveness.  In  his  discussion  on  the  meaning  of  effec- 
tiveness, Hale^"  takes  a historical  look  at  MOE  for  one  of  our  simplest 
weapons  — the  rifle.  He  points  out  that  originally  accuracy  was  the 
primary  MOE.  Accuracy  was  operationally  defined  as  the  percentage  of 
rounds  that  could  be  placed  in  a given  size  circle  at  a specified  range 
when  the  weapon  was  bench  fired.  Somewhat  later,  rate  of  fire  was 
included  as  an  MOE.  According  to  Hale,  it  was  not  until  around  1960 
that  the  number  of  MOE  began  to  expend  significantly.  It  was  realized 
that  a highly  accurate  rapid  fire  weapon  was  of  little  value  unless  it 
were  completely  functional.  If  the  weapon  malfunctioned  frequently,  or 
required  excessive  repair  time,  its  value  would  be  greatly  limited. 
Therefore,  the  concept  of  "availability"  came  into  being  as  an  MOE. 

^D.  R.  E.  Hale.  "The  Selection  of  Measures  of  Effectiveness  For  Small 
Arms  Experiments,"  Masters  Thesis,  Naval  Post  Graduate  School, 
Monterey,  California,  March  1974. 
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Measures  of  availability  such  as  Mean  Time  Between  Failures  (MTBF)  and 
Mean  Time  to  Repair  (MTTR)  were  derived.  However,  the  primary  reason 
for  the  proliferation  of  MOE  was  the  recognition  that  effectiveness  was 
mission  dependent.  For  example,  the  weapon  characteristics  desirable 
for  a sniper  rifle  are  quite  different  from  those  required  for  a weapon 
designed  primarily  for  suppression.  In  selecting  a rifle,  a sniper 
would  be  primarily  interested  in  accuracy  and  range,  but  would  not  be 
too  concerned  about  rate  of  fire.  On  the  other  hand,  the  soldier  with  a 
suppression  mission  would  be  very  concerned  with  rate  of  fire.  However, 
his  vi a of  and  requirements  for  availability  would  be  quite  different. 

A rifle  which  malfunctioned  on  the  average  of  once  for  every  200  rounds 
fired  might  seem  highly  available  to  the  sniper  if  repair  could  be 
easily  effected.  However,  such  a weapon  might  seem  woefully  inadequate 
to  the  soldier  attempting  to  keep  the  enemy  pinned  down  or  trying  to 
repulse  an  attack. 

As  can  be  seen  from  the  above  example,  defining  and  selecting  cri- 
teria of  effectiveness  is  not  an  easy  task.  The  magnitude  of  the  problem 
increases  even  further  with  increases  in  the  complexity  of  thp  weapons 
system.  For  example,  Single  Shot  Kill  Probability  (SSP^)  is  a frequently 
employed  MOE  for  antiaircraft  missiles.  However,  consider  the  problem 
of  trying  to  choose  the  more  effective  system  between  russile  and  an 
antiaircraft  gun  system.  SSP^  is  obviously  not  a suitable  criterion  for 
comparing  the  two  systems.  The  operations  researcher  might  choose  a 
measure  such  as  the  number  of  kills  per  100  target  passes  as  more  reason- 
able. However,  employing  this  criterion  alone,  the  missile  system  would 
undoubtedly  still  prove  more  effective.  This  measure  alone  is  simply 
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not  adequate  upon  which  to  base  a final  judgment.  The  cost  of  the 
missile  system  per  target  pass  is  likely  to  be  many,  many  times  that  of 
the  gun.  Therefore,  the  number  of  systems  which  can  be  deployed  would  be 
fewer.  It  follows  then,  that  with  thinner  assets,  area  coverage  would 
likely  be  less  with  the  missile  system.  The  question  then  is  whether 
the  missile  system  would  actually  provide  more  protection.  Also,  the 
missile  system  is  likely  to  be  much  more  difficult  to  support  logisti- 
cally,  thus  greatly  reducing  its  availability.  Therefore,  if  the 
decision  maker  takes  into  account  cost , availability,  and  area  coverage, 
he  may  conclude  that  the  gun  system  is  actually  the  better  choice  despite 
its  smaller  kill  probability  per  target  pass.  Unfortunately,  there  are 
no  strict  agreed  upon  guidelines  for  choosing  MOE  or  for  weighting  them 
in  a final  decision. 


While  the  above  example  was  hypothetical,  the  factors  discussed  are 

1 6 17 

nevertheless  real.  An  actual  example  cited  by  both  Hale*  and  Zophy 
serves  to  illustrate  this  fact.  In  the  early  phases  of  WWII  a great 
many  merchant  vessels  were  damaged  or  even  destroyed  by  aircraft  attacks. 
As  a consequence,  merchant  vessels  were  equipped  with  antiaircraft  guns 
and  ciews.  After  a period  of  time  it  was  discovered  that  only  four 
percent  of  the  attacking  enemy  aircraft  were  actually  shot  down.  This 
led  some  to  conclude  that  the  systems  were  ineffective  on  ships  and 
could  be  better  employed  elsewhere,  where  kill  rates  were  higher 
Employing  this  MOE,  the  decision  seemed  inevitable.  However,  further 


1 7 

F.  C.  Zophy.  "Methodology  for  the  Evaluation  of  Air  Defense  System 
Effectiveness,"  Masters  Thesis,  Naval  Post  Graduate  School,  Monterey, 
California,  March  1975. 
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examination  of  the  data  revealed  that  the  antiaircraft  fire  greatly 
reduced  the  lethality  of  the  enemy  attack.  In  fact,  the  inclusion  of 
antiaircraft  weapons  virtually  halved  the  probability  that  a ship  would 
be  sunk.  Viewed  in  this  light,  the  systems  were  considered  highly 
effective.  ' 

The  above  discussions  should  suffice  to  demonstrate  that  the  selec- 
tion of  the  wrong  MOE,  or  the  exclusion  of  critical  MOE,  can  lead  to  the 
wrong  decisions  about  effectiveness.  Yet,  the  selection  of  Mt)E  is 
largely  an  intuitive  process.  And,  all  too  often,  it  is  feared,  in- 
tuition is  guided  more  by  expedience  than  by  logic.  That  is,  the  MOE 
selected  are  those  which  are  most  easily  measured. 

Although  the  foregoing  discussion  centered  on  MOE  for  weapons 
system  effectiveness,  the  same  problems  of  definition  and  selection 
exist  in  assessing  the  effectiveness  of  individuals;  crews,  or  even 
larger  units. 

Defining  team  effectiveness.  In  the  past  our  attempts  to  assess 
effectiveness  have  been  directed  almost  exclusively  to  either  hardware, 
as  discussed  above,  or  to  individuals  performing  specific  jobs.  Large- 
scale  scientific  approaches  to  the  measurement  of  individu-  job  perfor- 
mance in  the  military  began  during  WWI1,  The  US  Air  Force  pioneered 
this  effort.  Techniques  for  analyzing  jobs  into  tasks  and  subtasks  were 
developed.  Normally,  those  tasks  which  were  highly  critical,  performed 
frequently,  and  performed  early  in  the  job  environment  were  selected  for 
training.  The  remaining  tasks  were  left  for  On-the-.Job  Training  (OJT) . 
Individual  performance  was  assessed  by  measuring  actual  performance  on 
selected  tasks.  The  individual  was  given  a task,  all  of  the  necessary 
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equipment,  a list  of  conditions  under  which  the  task  was  to  be  perform- 
ed, and  the  standards  by  which  he  would  be  judged.  The  techniques  and 
procedures  for  accomplishing  these  processes  are  well  worked  out  and 
documented  (e.g.,  TRADOC  PAM  350-30^).  Unfortunately,  comparably 
detailed  procedures  have  not  been  developed  for  the  specification  and 

analysis  of  jobs  to  be  performed  by  larger  units  such  as  crews,  though 

19 

guidance  was  provided  in  TRADOC  PAM  350-11.  As  a member  of  a crew, 
the  individual  does  not  perform  in  isolation.  Rather,  he  performs  in 
the  context  of  some  larger  operation.  He  must  not  only  be  able  to 
perform  each  of  his  prescribed  tasks  to  a predetermined  criterion,  he 
must  also  recognize  the  stimuli  which  require  the  tasks  to  be  performed, 
must  perform  the  tasks  in  the  correct  sequence,  and  must  interface  with 
other  individuals  as  required.  As  a crew  member,  the  individual  func- 
tions as  a part  of  a total  system  involving  equipment  and  other  per- 
sonnel. The  effectiveness  of  this  system  is  dependent  upon  the  success- 
ful performance  of  all  the  individuals  involved,  working  not  in  isolation 
but  as  a team.  The  measurement  of  system  performance  or  effectiveness 
where  such  interdependencj'  exists  has  been  given  serious  consideration 
only  recently. 

One  of  the  problems  associated  with  the  evaluation  of  team  effec- 
tiveness has  been  the  inability  of  investigators  to  agree  on  what 
differentiates  team  and  individual  tasks.  Most  investigators  agree  that 
it  is  wasteful  of  effort  to  mersure  performance  in  a team  context  when 

18 

TRADOC  PAM  350-30.  Interser-vice  Procedures  for  Instructional  Systems 
Development,  US  Army  Training  and  Doctrine  Command,  Fort  Monroe, 
Virginia,  August  1975. 

19  . . . 

TRADOC  PAM  350-11.  Training:  Systems  Engineering  of  Unit  Training, 

US  Army  Training  and  Doctrine  Command,  Fort  Monroe,  Virginia, 

January  1973  (not  current). 
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the  performance  is  actually  nothing  more  than  an  aggregate  of  individual 
performances.  Individual  Job  skills  can  almost  always  be  measured  more 
easily,  completely,  and  cost  effectively  through  individual  job  perfor- 
mance tests.  It  is  felt  that  measurement  of  performance  in  a team 
context  should  be  reserved  for  only  those  tasks  which  are  truly  team 
tasks,  that  is,  tasks  which  require  cooperation  or  coordination  to  the 
extent  that  skills  must  be  practiced  in  a team  situation  in  order  to  be 
optimized.  Efforts  to  differentiate  between  team  and  individual  tasks 
have  centered  around  such  words  as  "cooperation"/"coordination"  and 

"interdependence."  As  a background  for  discussion  of  this  problem  let 

20 

us  consider  some  distinctions  made  by  Alexander  and  Cooperband  in 
their  discussion  of  models  for  team  training.  They  refer  to  team  train- 
ing paradigms  as  being  either  "stimulus-response"  or  "organismic"  in 
nature.  Stimulus-response  models  call  for  "established"  task  situ- 
ations. That  is,  the  sequence  of  task  performance  and  the  activities 
involved  can  he  almost  completely  specified.  Also,  the  assignment  of 
task  functions  among  crew  members  and  the  equipment  they  operate  are 
virtvially  fixed.  Tasks  in  the  organismic  model  are  referred  to  ar  hr >.i. 
"emergent."  In  emergent  situations,  decision  making,  problem  sol-  i-'g 
and  sharing  come  to  the  forefront.  The  sequence  of  operations  is  not 
fixed,  and  the  allocation  of  functions  is  variable.  An  example  of  an 
established  task  situation  would  be  mail  sorting  assigned  to  two  postal 
workers,  one  of  whom  is  to  sort  mail  by  states,  and  the  other  of  whom  is 
to  sort  the  mail  for  one  state  by  zip  code.  Errors  made  by  the  first 

20 

L.  T.  Alexander  and  A.  S.  Cooperband.  System  Training  and  Research 

in  Team  Behavior , Technical  Memorandum  2581,  System  Development 

Corporation,  Santa  Monica,  California,  August  1965. 
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worker  can  be  corrected  in  part  by  the  second.  However,  the  functions 
of  each  are  well  defined,  coordination  is  minimal,  and  the  actions  of 
each  are  virtually  completely  specified.  In  the  present  research,  an 
example  of  an  emergent  situation  might  be  tank  crew  target  acquisition. 
All  members  of  the  crew  are  involved.  Neither  the  responsibilities  of 
each  member  nor  the  activities  required  of  any  individual  can  be  pre- 
cisely specified.  The  crew's  job  is  to  detect  targets,  but  who  accom- 
plishes the  detection  is  not  specified,  and  the  method  is  only  loosely 
implied.  However,  as  will  be  seen  later  in  this  section,  not  all 
investigators  would  conclude  that  this  example  is  a team  task. 

In  discussing  established  versus  emergent  situations,  Hall  and 
21 

Rizzo  essentially  conclude  that  tasks  performed  in  established  situ- 
ations are  not  really  team  tasks.  They  feel  that  overall  team  per- 
formance in  established  situations  is  simply  the  sum  of  the  performances 
of  the  individual  team  members.  One  team  member  cannot  completely  make 
up  for  the  shortcomings  of  another,  as  activities  are  specifically 
allocated  to  team  members.  Outstanding  performance  (e.g.,  significant 
time  savings  in  accomplishing  an  individual  activity)  on  the  part  of 
some  members  may  in  part  compensate  for  deficiencies  in  others,  but 
basically,  every  member  of  the  team  must  perform  satisfactorily  if 
overall  team  performance  is  to  be  satisfactory. 

For  a performance  to  be  truly  a team  effort,  Alexander  and  Cooper- 
22 

band  stress  that  cooperation  is  necessary.  They  state: 

21 

E.  R.  Hall  and  W.  A.  Rizzo.  An  Assessment  of  US  Navy  Tactical  Team 
Training:  Focus  on  the  Trained  Main , TAEG  Report  No.  18,  Training 
Analysis  and  Evaluation  Group,  Mar.ch  1975. 

22  ■ 

Alexander  and  Cooperband,  op.  cit. 
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Learning  to  cooperate  means  learning  the  strengths 
and  weaknesses  of  one  another,  learning  when  the 
others  want  help  and  when  they  do  not  want  it, 
learning  to  pace  one's  activities  to  fit  the 
needs  of  all,  and  learning  to  behave  so  that  one's 
actions  are  not  ambiguous. 

According  to  this  concept,  activities  are  not  specifically  allocated, 
and  decisions  about  who  does  what  are  dependent  upon  the  individual 
skills  of  the  team  members  and  the  particular  situation.  For  example,, 
football  teams  adjust  to  each  new  opponent  by  changes  in  both  personnel 
and  tactics  in  order  to  take  advantage  of  known  or  suspected  weaknesses. 
In  other  words,  the  team  functions  in  whatever  manner  it  feels  best  to 

accomplish  its  objective  — that  of  winning  the  game. 

23 

Briggs  and  Johnston  would  undoubtedly  agree  with  the  above  analy- 
sis. However,  they  complicate  the  problems  of  definition  even  further 
through  their  discussion  of  the  terms  "serial"  and  "parallel."  In 
serial  tasks,  a second  action  is  dependent  upon  the  performance  of  a 
first.  The  present  authors  feel  that  an  example  of  a serial  task  can  be 
drawn  from  baseball.  Suppose  the  batter  hits  a ground  ball  toward  the 
shortstop.  It  is  the  shortstop's  job  to  field  the  ball  and  throw  it  to 
the  first  baseman.  It  is  then  the  first  baseman's  job  tr  catch  the  ball 
and  put  a foot  on  the  base.  However,  notice  that  if  the  shortstop 
misses  the  ball,  the  first  baseman  actually  does  no*-  get  involved  at 
all,  nor  is  there  any  action  he  can  take  to  ensure  overalL  team  effec- 
tiveness. In  serial  tasks,  the  success  of  the  team  is  dependent  upon 
the  success  of  each  individual  doing  his  job  properly  in  sequence. 

0 7 ' 

' G.  E.  Briggs  and  W,  A.  Johnston.  Team  Training,  Final  Report, 

February  1966-February  1977,  NAVTRADEVCEN-1327-4,  Naval  Training 
Devices  Center,  Orlando,  Florida,  1967. 
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According  to  Briggs  and  Johnston,  successful  performance  of  a 
parallel  task  requires  everyone  on  the  team  to  do  his  job  at  the  same 
time,  but  individually.  For  example,  engaging  in  a "tug-of-war"  is  the 
present  authors'  conception  of  a parallel  task.  The  effort  of  indivi- 
dual A is  not  dependent  upon  the  effort  of  individual  B,  yet  both  may 
contribute  equally  to  team  success.  It  is  true  that  team  success  may  be 
a function  of  their  cooperation  with  a team  captain  in  response  to  his 
order  to  "heave."  However,  the  optimum  performance  of  member  A is  still 
largely  independent  of  the  performance  of  member  B.  Logically,  it  does 
not  seem  that  A and  B cooperate  or  are  interdependent.  Therefore,  by 
the  definitions  proposed,  there  is  no  "teamwork"  involved,  so  there  is 
little  reason  for  A and  B to  train  together.  However,  teamwork  may  be 
involved  between  the  captain  and  the  individual  members,  as  exact  timing 
may  be  crucial  to  success.  So  in  one  sense,  a tug-of-war  team  is  a 
team,  in  another,  it  is  not. 

Let  us  now  return  to  the  tank  crew  in  its  attempts  to  acquire  a 
target.  Is  this  performance  a parallel  performance,  that  is,  does  each 
member  do  his  job  completely  independent  of  the  others?  Some  would 
answer  "yes,"  others  "no."  Those  who  say  "yes"  would  point  out  that 
each  individual  scans  independently,  that  specific  sectors  can  be  as- 
signed, and  therefore,  no  teamwork  is  involved.  Those  who  say  "no" 
would  point  out  that  search  sectors  are  not  necessarily  fixed.  A crew 
can  adapt  to  each  others'  shortcomings  by  overlapping  search  sectors. 
However,  each  and  every  crew  may  work  differently  — making  target 
acquisition  cooperative.  Therefore,  target  acquisition  fits  the  pre- 

24Ibid. 
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dominant  definitions  of  a team  task.  Both  points  of  view  can  be  de- 
fended, but  neither  makes  the  task  of  deriving  tank  crew  MOE  any  less 
difficult. 

25 

Personal  communications  from  other  investigators  involved  in  the 
training  and  evaluation  of  tank  crews/platoons  have  indicated  other 
areas  where  the  line  between  crew  and  individual  tasks  is  "fuzzy."  i ir 
example,  consider  the  overall  crew  task  of  firing  on  the  move.  The 
driver  must  obviously  maintain  speed,  and  keep  the  tank  as  stable  as 
possible  in  all  three  planes.  The  question  is  whether  this  is  an 
individual  driver  skill,  or  whether  performance  is  dependent  upon  an 
interaction  between  the  driver  end  tank  commander,  and/or  the  driver's 
knowledge  of  how  this  particular  crew  performs  in  this  situation.  No 
attempt  will  be  made  to  answer  this  question  at  this  point.  It  is  posed 
simply  to  indicate  the  range  of  disagreement  between  well-informed 
investigators  concerning  the  distinction  between  team  and  individual 
performances. 

From  the  above  discussion  it  may  be  concluded  that  there  are  no 
clear-cut  criteria  for  distinguishing  between  individual  and  team  tasks- 
This  presents  a problem  for  the  present  research  since  team  (!n  *-his 
case,  crew)  MOE  are  the  'Object  of  concern.  It  seems  undesirable  to 
propose  crew  performance  measures  for  tasks  which  are  actually  only 
aggregations  of  individual  task  performances.  However,  failure  to 
identify  performances  which  are  in  reality  team  performances  might 
constitute  an  even  greater  error.  At  present  no  solution  to  this  prob- 
lem of  definition  has  been  achieved.  The  reader  interested  ir  pursuing 

pc 

Discussions  with  Dr.  N.  K.  Eaton,  Dr.  D.  W.  Bessemer,  and  Dr.  R.  W. 

Bauer,  ARI  Field  Unit,  Fort  Knox,  Kentucky,  March  1977. 
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this  problem  in  greater  depth  should  consult  Wagner,  et  al./  or  Hall 

97 

and  Rizzo. 

Despite  disagreements  on  what  kinds  of  tasks  are  individual  and 

28 

what  kinds  are  team  tasks,  Wagner,  et  al.,  concluded  in  their  review 
of  the  literature  that  team  members  must  first  master  their  individual 
skills  for  a team  to  perform  effectively.  Therefore,  individual  train- 
ing and  evaluation  should  precede  team  training  in  any  case. 

Problems  with  numbers.  In  attempting  to  fully  describe  the  job 

29 

situations  of  the  tank  crew  in  gunnery,  Kraemer,  Boldovici,  and  Boycan 
derived  a set  of  11  classes  of  conditions  or  variables  that  could  affect 
the  crew's  capability  to  successfully  engage  targets.  Some  examples  of 
these  classes  and  the  number  of  levels  identified  for  each  of  these 
classes  are  shown  in  Table  V-l.  The  term  "levels"  as  employed  by  the 
writers  refers  to  subclasses  within  the  main  class.  For  example,  there 
are  six  kinds  of  ammunition  available  for  use  by  the  M60A1  crew.  There- 
fore, this  variable  has  six  levels.  The  determination  of  the  number  of 
levels  for  these  discrete  variables  such  as  types  of  ammunition,  fire 
delivery  method,  crew  members,  and  weapons  was  obvious  as  they  represent 
discrete  "real  world"  conditions.  The  determination  of  the  levels  for 
continuous  variables  such  as  range  was  done  on  logical  grounds,  and  was 
based  on  the  effective  ranges  of  the  weapons,  the  fire  control  instru- 
ments, and  the  types  of  ammunition  that  are  typically  employed  at 
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Table  V-l 


Conditions  and  Levels  Within  Conditions* 


Conditions 


Levels  Within  Conditions 


Weapon 


Main  Gun 

Coaxial  Machinegun 
Caliber  .50  Machinegun 


Fire  Delivery  Method  Battlesight  (non-precision  for 

machineguns) 

Precision 
Range  Card 

Range  Card  Lay  to  Direct  Fire 


Firing  Vehicle  Motion 


Stat ionary 
Moving 


Target  Visibility  Visible  Without  Artificial  Light 

Visible  With  Artificial  Light 
Not  Visible 


Target  Range  -500  meters 

500-900  meters 
<900  meters 
<1100  meters 
1100-1600  meters 
500-3200  meters 
1100-2300  meters 
1100-3200  meters 
ALL 


♦Condensed  from  FIG.  2.  page  2,  R.  E.  Kraemer,  .1.  A.  Boldovici  , and 
G.  G.  Doycan,  ■><>!'  Ohjer-f'i per;  fa p MoOAlAOf!  Tank  Gunnery,  Research 
Memorandum  76-9,  Human  Resources  Research  Organization,  and  Army 
Research  Institute,, Apri 1 1976. 
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various  ranges.  If  a tank  gunnery  objective  were  written  for  all  pos- 
sible combinations  of  levels,  a total  of  1,679,616  objectives  would 
result.  However,  the  great  majority  of  combinations  are  unrealistic 
(e.g.,  a moving  bunker)  and  could  be  discarded.  Judicious  combinations 
of  other  levels  reduced  the  total  number  of  realistic  combinations  to 

225.  After  extensive  review  by  experts,  the  number  was  increased  to 

30  31 

240.  More  recently,  the  list  was  expanded  to  266.  To  test  a crew's 

ability  to  perform  all  of  these  job  objectives  would  be  time  consuming, 

to  say  the  least,  and  it  must  be  remembered  that  these  objectives  cover 

only  tank  gunnery.  Description  of  the  tank  crew's  total  job  would 

require  considerably  more  job  objectives.  Obviously,  it  is  not  feasible 

to  measure  job  proficiency  on  all  job  objectives.  Tests  designed  to 

measure  effectiveness  will  be  able  to  address  only  a limited  number  of 

the  objectives.  This  need  to  select  a limited  subset  of  job  objectives 

for  measurement  is  likely  to  produce  unfortunate  results.  Training  is 

almost  certain  to  be  concentrated  on  those  areas  which  will  be  tested, 

to  the  detriment  of  other  aspects  of  the  job.  As  a result,  tank  crews 

which  appear  proficient  during  the  testing  may  actually  be  unable  to 

perform  a number  of  tasks  that  may  be  necessary  on  the  battlefield. 

This  error  could  be  avoided  by  designing  a large  number  of  tests,  each 

of  which  covered  only  selected  aspects  of  the  job,  but  in  toto,  covered 

all  of  the  jobs.  Crewmen  would  not  be  advised  in  advance  as  to  which 

tests  or  set  of  tests  they  would  be  administered.  Therefore,  training 

^J.  A.  Boldovici,  G.  R.  Wheaton,  and  G.  G.  Boycan.  Seleating  Items  For 
a Tank  Gunnery  Test  (Draft  Interim  Report),  US  Army  Research  Institute 
for  the  Behavioral  and  Social  Sciences,  Arlington,  Virginia,  August  1976. 

31 

Personal  communication  from  G.  G.  Boycan,  Army  Research  Institute, 
Arlington,  Virginia,  May  1977. 
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could  not  be  slanted  to  the  test.  However,  the  development  of  tests  is 
expensive,  and  the  resource  requirements  for  support  of  a large  number 
of  possible  tests  would  be  obviously  greater  than  for  a single  version. 
Hence,  this  alternative  is  not  attractive  either.  At  the  present  time, 
satisfactory  solutions  to  this  numbers  problem  have  not  been  found. 

Reliability  and  validity.  Measures  of  effectiveness  employed  in 
evaluating  military  training  or  assessing  operational  readiness  are 
frequently  referred  to  as  intermediate  criteria.  They  are  used  in  lieu 
of  the  ultimate  criteria  — the  ultimate  criteria  being  actual  combat 
performance.  To  be  of  any  value,  the  MOE  must  be  highly  predictive  of 
how  crews  would  perform  these  functions  in  actual  combat.  That  is,  it 
must  have  predictive  validity. 

For  an  hOE  to  be  valid,  it  must  also  be  "reliable."  That  is,  it 
must  measure  whatever  it  measures  with  consistency.  A reliable  test 
(whether  an  MOE  or  other)  will  produce  essentially  the  same  results  for 
each  crew  tested  whether  it  is  administered  today,  tomorrow,  o:  ’-h.j  day 
after.  For  example,  if  Table  VIII  scores  are  reliabLe,  a crew  that 
scores  1400  points  today  should  score  in  the  near  vicinity  of  1400 
points  tomorrow  if  the  test  if  repeated.  On 'ess  a test  yields  rep  cit- 
able results  (i.e.,  is  reliable),  the  test  cannot  be  valid,  that  is,  it 
simply  will  not  predict  combat  performance  very  well.  If  a given  crew 
scored  1400  points  on  one  occasion  and  400  on  another,  there  would  be  no 
way  of  knowing  which  (if  either)  of  the  scores  was  the  "true"  indicat i 'n 
of  the  crew's  combat  gunnery  capability.  Both  scores  obviously  cannot 
be  indicative.  Therefore,  reliability  is  a prerequisite  to  validitv. 
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Unless  we  validate  an  MOE  by  comparing  scores  with  actual  combat 
performance  data,  we  can  only  assume  its  validity.  Hopefully,  we  shall 
never  have  the  opportunity  to  test  validity,  in  this  manner.  However, 
we  can  estimate  the  reliability  of  an  MOE.  Finding  that  it  is  reliable 
does  not  guarantee  its  validity,  but  finding  that  it  is  not  reliable 
does  guarantee  that  it  cannot  be  valid.  Therefore,  for  the  present  we 
can  only  assure  ourselves  that  any  MOE  employed  are  reliable,  and  hope 

that  they  are  valid.  For  a more  detailed  discussion  of  reliability  and 

32 

validity,  the  reader  is  referred  to  Nunnally. 

Since  Tab’e  VIII  is  by  far  the  most  frequently  employed  MOE  for 
33 

tank  crews , it  is  essential  that  we  know  it  to  be  reliable.  However, 
the  actual  reliability  of  Table  VIII  ! s apparently  never  been  deter- 
mined. The  only  data  located  which  even  bear  on  the  subject  are  those 

34 

presented  by  Baerman  and  Eaton.  They  found  a correlation  of  r = .68 

between  supervisors*  ratings  of  tank  commander  motivation  and  Table  VIII 
35 

scores.  Since  the  correlation  between  two  variables  can  be  no  higher 
than  the  reliability  of  the  less  reliable  of  the  two  variables,  this 
result  would  indicate  that  the  reliability  of  Table  VIII  is  at  least 
0.68.  However,  the  Table  VIII  scores  employed  by  Baerman  and  Eaton  were 

79 

J.  C.  Nunnally.  Psychometric  Theory,  New  York:  McGraw-Hill,  1967. 

33 

Larsen,  Earl,  and  Henson,  op.  ait. 

^V.  P.  Baerman  and  N.  K.  Eaton.  "Crew  Assignment  and  Training,"  Armor, 
January-February  1977,  50-53. 
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Personal  communication  from  Dr.  N.  K.  Eaton,  ARI  Field  Unit,  Fort 
Knox,  Kentucky,  March  1977. 
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obtained  in  a somewhat  different  manner  than  usual.  All  crews  fired 
two  rounds  at  each  target,  regardless  of  whether  they  were  perceived  to 
have  obtained  a first-round  hit.  In  addition,  plywood  targets  rather 
than  cloth  targets  were  employed,  and  scoring  of  hits  was  accomplished 
by  closeup  examination  of  the  targets  after  each  crew  had  completed  its 
run.  It  was,  of  course,  not  possible  to  determine  whether  a single  hit 
was  achieved  on  the  first  or  second  round,  so  any  hit  was  given  the  same 
score.  While  these  changes  may  not  appear  to  be  drastic,  it  seems 
probable  that  they  had  a significant  effect  on  the  scoring.  For  example, 
the  investigators  originally  had  asked  the  observers  riding  the  tanks  to 
score  hits,  which  is  part  of  the  normal  procedure  for  scoring  Table 
VIII.  However,  this  practice  was  discontinued  shortly  thereafter  when 
it  was  found  that  the  observers'  hit  determinations  were  at  variance 
with  those  made  by  the  team  closely  examining  the  plywood  targets.  In 
other  words,  had  the  normal  scoring  procedures  been  employed,  the  scores 
obtained  might  have  differed  significantly  from  those  result !ng  ir-Ti  the 
procedures  actually  used.  It  would  appear  that  it  is  very  difficult  for 
the  observer  to  determine  if  a hit  has  been  made,  and  it  Is  ’•herefore 
likely  that  his  judgment  will  be  subject  to  considerable  er’or.  In  3c 
cases,  reliability  of  derived  scores  is  typically  low.  Therefore,  the 
reliability  of  Table  VIII  scores,  when  obtained  in  the  manner  described 

7 n 

in  FM  17-12-5,  is  likely  to  be  unacceptably  low.  At  the  very  least, 

Personal  communication  from  Dr.  N.  K.  Eaton,  ARI  Field  Unit,  Fort 
Knox,  Kentucky,  March  1977. 
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FM  17-12-5.  Tank  Gunnery  Training,  US  Army  Armor  School,  Fort  Knox, 
Kentucky. 
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it  seems  that  priority  should  be  given  to  determining  the  actual  re- 
liability of  Table  VIII  scores  through  test/retest  procedures. 

One  further  observation  can  be  made  concerning  the  Baerman  and 
Eat  n work.  There  can  be  little  doubt  that  the  techniques  employed  by 
these  researchers  resulted  in  more  accurate  data  on  actual  hits  than 
those  normally  employed.  Therefore,  it  seems  that  the  Army  could  im- 
prove its  crew  gunnery  skills  evaluations  by  investing  a few  more 
resources  in  Table  VIII  scoring.  At  least  the  reliability  would  likely 
be  improved. 

Although  objective  scoring  procedures  usually  result  in  improved 

reliability,  they  do  not  always  guarantee  it.  For  example,  Hemphill  and 
38 

Sechrest  examined  the  reliability  of  a cherished  Air  Force  MOE  with 
high  assumed  validity  — that  of  crew  bombing  scores.  Scores  were 
derived  by  measuring  the  miss  distances  between  the  points  of  impact  and 
the  target.  The  crew  with  the  lowest  mean  miss  distance  naturally 
received  the  highest  score.  Since  the  miss  distances  could  be  measured 
quite  accurately,  there  was  no  question  but  that  the  scoring  was  objec- 
tive. However,  Hemphill  and  Sechrest  were  able  to  obtain  data  on  a 

number  of  crews  who  completed  bombing  runs  on  two  separate  occasions.  > 

They  found  the  score  to  be  very  unreliable.  In  other  words,  a crew's 

score  on  the  first  run  was  not  predictive  of  its  score  on  the  second 

run.  Therefore,  despite  the  objectivity  in  scoring  and  the  previously 

presumed  high  validity,  the  bombing  score  proved  to  be  a worthless 

indicator  of  crew  proficiency. 

^J.  K.  Hemphill  and  L.  J.  Sechrest.  "A  Comparison  of  Three  Criteria 
of  Aircrew  Effectiveness  in  Combat  Over  Korea,"  Journal  of  Applied 
Psychology,  1952,  49,  323-327. 
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In  many  cases,  an  unreliable  measure  can  be  made  reliable  if  suf- 
ficient data  are  obtained.  For  example,  if  six  heads  and  four  tails  are 
obtained  in  ten  flips  of  a coin,  the  evidence  that  the  coin  ts  biased  is 
very  meagre.  However,  if  600  heads  are  obtained  in  1000  flips,  the 
evidence  for  bias  is  quite  substantial.  Many  types  of  performance  data 
are  similar  in  that  a large  body  of  data  must  be  obtained  before  any 
faith  can  be  put  in  the  results.  Data  on  target  detection  in  field 
situations  falls  into  this  category.  The  time  elapsed  between  the 
moment  Line-of-Sight  (LOS)  is  achieved  and  the  target  is  detected  is  the 
usual  performance  measure.  Intuitively,  it  would  be  fool-hardy  to  judge 
a crew's  ability  to  detect  targets  on  the  basis  of  a single  trial. 
Intra-crew  variability  is  simply  too  great.  The  question  is:  "How  many 
trials  are  needed"?  The  same  question  can  be  asked  concerning  any 
number  of  other  job  functions  including  gunnery  performance.  Few  offi- 
cers would  be  willing  to  judge  a crew's  main  gun  gunnery  ability  on  the 
basis  of  a single  round,  but  how  many  rounds  are  needed?  Are  enough 
rounds  fired  in  Table  VIII  to  make  a judgment,  especially  considering 
the  number  of  conditions  involved  (e.g.,  stationary  tank/statio:  ir 
target,  stationary  tank/moving  larget,  etc.)?  Can  a judgment  be  made 
concerning  capability  in  both  Battlesight  and  Precision  engagements 
since  the  crew  has  a choice  of  mode  and  may  use  one  almost  to  the 
exclusion  of  the  other?  In  other  words,  are  enough  rounds  fired  in  any 
single  condition  of  tank  movement,  target  movement,  and  engagement  mode 
to  justify  a statement  that  the  crew  is  or  is  not  qualified  in  that 
condition?  Only  research  into  the  reliability  of  gunnery  measures  can 
answer  these  questions. 
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Steinheiser  and  Snyder  present  a very  interesting  though  techni- 
cal discussion  of  great  relevance  to  the  reliability  questions  concern- 
ing Table  VIII.  Part  of  their  discussion  centers  around  the  likelihood 
that  a crew  will  be  considered  to  be  proficient  when  it  is  not,  or,  that 
it  will  be  considered  nonproficient  when  it  is.  It  is  beyond  the  scope 
of  this  report  to  go  into  the  theory  and  assumptions  behind  this  work, 
but  a brief  summary  of  one  of  the  notions  discussed  will  be  presented. 

To  expedite  an  understanding,  a small  portion  of  a table  presented  in 
their  text  is  shown  below  as  Table  V-2.  This  table  may  be  interpreted 
as  follows:  (1)  A score  of  70  percent  is  required  to  receive  a "pass- 
ing" grade,  (2)  there  are  18  items  (exercises,  parts,  whatever)  in  the 
current  Table  VIII,  (3)  13  items  must  be  passed  to  achieve  70  percent 
overall,  (4)  five  percent  of  the  crews  whose  true  level  of  functioning 
(i.e.,  the  average  score  they  would  receive  if  they  fired  Table  VIII 


Table  V-2 

Probability  of  Misclassif ication 


Required 

Mastery 

Table  VIII 

Passing 

True 

Level  of  Tank  Crew  Functioning 

Level 

Length 

Score 

50% 

60%  70%  80%  90% 

(1)  70% 

(2)  18 

(3)  13 

(4)  5 

(5)  21  (6)  47  13  1 

over  and  over)  is  only  30  percent  would  by  chance  score  70  percent  or 
more  on  any  single  test,  and  therefore,  be  considered  proficient,  (5)  21 
percent  of  the  crews  whose  true  level  of  functioning  is  only  60  percent 
would  by  chance  score  70  percent  or  more  on  any  single  test,  and  therefore, 

39 

F.  Steinheiser,  Jr.,  and  C.  W.  Snyder,  Jr.  "Score  Quality  Issues 
Related  to  Individual  and  Weapon  Crew  Criterion-Referenced  Performance 
Tests,"  Presented  at  Military  Testing  Association  Conference,  October  1976. 
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be  considered  proficient,  and  (6)  47  percent  of  the  crews  whose  true 
level  of  functioning  was  70  percent  would  by  chance  score  less  than  70 
percent  on  any  single  test,  and  therefore,  be  judged  as  nonproficient, 
even  though  they  actually  were  proficient  at  the  minimum  acceptable 
level.  The  likelihood  of  misclassifications  of  crews  whose  true  level 
of  functioning  was  80  or  90  percent  can  also  be  seen  in  the  table.  It 
is  obvious  from  Table  V-2  that  the  likelihood  that  a given  crew  would  be 
misclassif ied  on  the  basis  of  a single  Table  VIII  exercise  is  quite  high 
unless  they  were  very  proficient  or  exceedingly  nonproficient.  Also,  it 
must  be  remembered  that  for  this  example,  Steinheiser  and  Snyder  con- 
sidered all  items  in  Table  VIII  to  be  of  equal  importance.  That  is,  a 
crew  would  be  considered  proficient  if  they  passed  any  13  items.  Suc- 
cess in  any  particular  combination  of  tank  movement,  target  movement,  or 
engagement  mode  is  not  considered.  A tank  crew  could  be  woefully  in- 
adequate in  one  combination  and  still  be  considered  proficient  by  doing 
well  in  all  others. 

Data  will  not  be  presented,  but  Steinheiser  and  Snyder  show  t^at 
errors  of  misclassif ication  can  be  reduced  by  doubling  the  length  if 
Table  VIII  to  36  items.  However,  crews  near  the  borderline  . the 
minimum  acceptable  proficiency  level  are  still  likely  to  be  misclass  i- 
fied. 

In  summary,  those  reponsible  for  the  evaluation  of  tank  crews  must 
give  serious  consideration  to  the  reliability  of  Table  VIII  or  any  other 
MOE  that  is  employed.  Furthermore,  they  must  realize  that  the  validity 
of  these  MOE  can  only  be  assumed. 
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Resources.  At  the  time  of  this  writing,  the  Army  is  experiencing 
one  of  the  longest  and  most  severe  periods  of  austerity  in  its  recent 
history.  Total  strength  is  lower  than  in  any  iecent  period,  and  ex- 
pendables such  as  ammunition  and  fuel  are  stingily  allocated.  Yet,  as 
has  been  hinted  in  several  of  the  previous  sections,  adequate  evalu- 
ations require  considerable  manpower,  time,  and  materiel  resources.  In 
the  previous  section  on  Reliability,  serious  questions  were  raised  con- 
cerning the  adequacy  of  Table  VIII  for  the  evaluation  of  the  several 
aspects  of  gunnery.  It  was  also  pointed  out  that  doubling  the  table's 
length  would  result  in  fewer  proficient  crews  being  tnisclassified  as 
nonproficient  and  vice  versa.  Of  course,  doubling  the  length,  or  even 
adding  any  items  would  naturally  increase  resource  requirements.  It  was 
also  pointed  out  In  another  section  that  266  job  objectives  had  been 
derived  for  gunnery  alone,  and  that  considerably  more  resources  would  be 
required  to  test  all  objectives  than  are  currently  being  spent. 

In  less  austere  times,  Baker  and  Cook‘d  painstakingly  constructed  a 
"Tank  Platoon  Combat  Readiness  Check."  The  final  checklist,  including 
instructions  to  the  examiner,  was  approximately  90  typewritten  pages  in 
length.  The  authors  also  pointed  out  that  the  entire  evaluation  took 
approximately  30  hours  to  administer,  and  required  the  use  of  "aggres- 
sor" forces.  At  the  present  time,  most  commanders  would  consider  the 
resources  required  for  conducting  such  an  evaluation  to  be  out  of  the 
question. 

^R.  A.  Baker  and  J.  G.  Cook.  The  Development  and  Evaluation  of  the 
Tank  Platoon  Combat  Hea/Kness  Check , Research  Memorandum,  Human 
Resources  Research  Organization,  Alexandria,  Virginia,  April  1964. 
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More  examples  could  be  cited,  but  the  point  should  already  be 
clear.  The  Army  cannot  adequately  evaluate  team  performance  employing 
the  techniques  it  has  used  in  the  past  unless  additional  resources  can 
be  found.  However,  there  are  efforts  in  progress  designed  to  reduce 
overall  resource  requirements  without  sacrificing  training  effectiveness 
or  evaluation  adequacy.  Simulation  techniques,  for  example,  are  being 
employed  with  increasing  frequency,  especially  in  training.  The  associ- 
ated reduction  in  resources  used  for  train! ig  may  release  resources  to 
be  used  for  other  purposes  such  as  evaluations.  Some  simulation  research 

of  great  relevance  to  this  present  effort  was  conducted  by  Powers,  £t 
41 

al.  As  part  of  this  effort,  four  groups  of  tank  gunners  were  trained 
employing  100  percent,  66  percenc,  33  percent  and  0 percent  live-fire. 
There  were  no  differences  between  the  hit  percentages  of  the  four  groups 
in  a live-fire  posttraining  test.  Since  the  100  percent  group  fired  24 
live  rounds  in  training,  it  appears  that  considerable  ammunition  could 
have  been  saved  with  no  loss  in  training  effectiveness.  Similar  results 
were  obtained  with  two  other  weapons  systems.  Nevertheless,  the  authors 
did  conclude  that  some  live-fire  training  should  be  conducted.  However, 
based  on  the  results  obtained,  it  must  be  contluied  that  the  use  of 
simulation  could  greatly  reduce  ammunition  requirements  for  training 
itself,  releasing  resources  for  training  and  operational  effectiveness 
evaluations. 

Although  the  development  of  synthetic  performance  tests  is  still  in 
a stage  of  infancy,  this  technique  holds  promise  for  further  reduction 

^T.  R.  Powers,  M.  R.  McCluskey,  and  D.  F.  Haggard.  Determination  of 
the  Contribution  of  Live  Firing  to  Weapons  Proficiency , Final  Report 
FR-CD(C)-75-l,  Human  Resources  Research  Organization,  Alexandria, 
Virginia,  March  1975. 
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of  resource  requirements  for  some  aspects  of  evaluation.  Synthetic 

performance  tests  are  a type  of  simulation.  However,  the  notions  behind 
them  are  somewhat  different  than  for  most  simulations.  In  developing  a 
synthetic  performance  test,  all  of  the  individual  behaviors  involved  in 
the  total  performance  are  detailed.  Next,  an  inexpensive  means  of  test- 
ing each  behavior  is  sought.  The  physical  fidelity  of  the  test  in  terms 
of  the  actual  job  may  be  quite  low  — so  long  as  the  behaviors  arc  the  • 
same.  The  set  of  tests  if  then  "synthesized"  into  a single  performance 
tes't.  Finally,  the  validity  of  the  test  is  determined  by  comparing  it 
to  actual  job  performance.  If  the  synthesized  test  proves  valid,  it  can 
be  employed  as  an  inexpensive  substitute  for  a true  job  performance 
test,  at  least  during  early  training  evaluations.  Again,  resources 
could  be  conserved  to  adequately  test  those  critical  aspects  of  perfor- 
mance for  which  no  good  substitute  for  actual  job  performance  could  be 
found. 

The  need  to  know  exactly  how  effective  our  forces  are  was  implied 

by  MG  Gorman  when  he  challenged  Army  trainers: 

To  train  the  Army  to  win  on  the  first  battlefield 
of  the  next  war  against  an  enemy  that  outnumbers 
us,  against  an  enemy  whose  weapons  will  be  as  good 
as  or  nearly  as  good  as  those  that  we  possess....  ^ 
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W.  C.  Osborn.,  An  Approach  to  the  Development  of  Synthettc  Performance 
Tests  For  Use'  in  Training  Evaluation,  Professional  Paper  30-70,  Human 
Resources  Research  Organization,  Alexandria,  Virginia,  December  1970. 

4h.  C.  Osborn  and  J.  P.  Ford.  Research  on  Methods  of  Synthetic  Perfor- 
mance Testing,  Final  Report  FR-CD(L)-76-l , Human  Resources  Research 
Organization,  Alexandria,  Virginia,  April  1976. 

«W.  E.  DuPuy  and  P.  F.  Gorman.  "TRADOC  Mission  and  Resources  Briefing," 
Transcript  from  TV  tape,  US  Army  Training  and  Doctrine  Command, 

Fort  Monroe,  Virginia. 
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To  accomplish  this  mission,  traii.ers  can  ill-afford  to  use  any  but  the 
most  effective  evaluation  techniques.  It  is  the  opinion  of  the  present 
authors  then, .that  the  resource  problem  is  not  one  of  whether  we  expend 
the  resources  to  properly  evaluate,  but  rather,  how  we  obtain  the  neces- 
sary resources.  Simulation,  as  discussed  briefly  above,  is  one  approach, 
but  other  avenues  should  also  be  investigated. 

Current  Approaches 

Not  all  the  current  approaches  to  team  training  and  evaluation 
found  in  the  literature  appear  to  bp  adaptable  for  use  with  tank  crews. 
Only  those  which  appear  to  the  authors  to  have  some  relevance  to  tank 
crew  evaluations  will  be  discussed  in  this  section.  The  reader  in- 
terested in  a broader  perspective  should  consult  Wagner,  et_  al,^ 

46  47 

Larson,  £t  al,  or  Briggs  and  Johnston. 

Before  going  into  particulars,  two  principal  issues  which  divid° 

evaluators  in  their  approaches  need  to  be  discussed.  These  are  the 

employment  of:  (.a)  one-  vs.  two-sided  test  situations,  and  (b)  process 

vs.  outcome  measurements.  The  arguments  for  both  sides  of  these  i s'.'-'f 

are  presented  briefly  below. 

One-sided  VS.  two-sided  tests.  In  a one-sided  test  (such  as  Table 
VIII)  the  examinees  face  a relatively  structured  situation  in  which  the 
sequence  of  events  is  relatively  fixed.  "Aggressor"  forces,  if  present 

^Wagner,  eit  al^. , op.  cit. 

4ft 

0.  A.  Larson,  S.  I.  Sander,  and  J.  H.  Steinemann.  Survey  of  Unit  Per- 
formance Effectiveness  Measures,  Technical  Report  74-11,  Naval  Personnel 
Research  and  Development  Center,  San  Diego,  California,  January  1974. 

^Briggs  and  Johnston,  op.  cit. 
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at  all,  are  restricted  to  specific  preplanned  activities.  In  a two- 
sided  test,  aggressor  forces  must  be  present  and  typically  have  few 
limitations  placed  on  their  activities.  The  advocates  of  two-sided 
exercises  stress  the  importance  of  realism,  the  opportunities  for  real- 
time decision  making,  and  the  morale-boosting  aspects  of  competition. 
They  also  point  out  that  the  inflexibility  of  one-sided  tests  makes  them 
easy  to  train  and  practice  for.  Therefore,  they  feel  such  tests  provide 
only  poor  indications  of  how  the  participants  would  actually  perform  in 
combat. 

Those  favoring  the  one-sided  approach  to  evaluation  point  to  the 
fact  that  repetition  of  the  identical  circumstances  is  virtually  impos- 
sible in  a two-sided  test.  Therefore,  no  two  individuals  or  crews 
receive  exactly  the  same  test,  making  it  impossible  to  set  exact  per- 
formance standards  or  to  compare  the  performance  of  any  two  units. 

The  arguments  for  both  approaches  are  summarized  in  an  unpublished 
48 

work  by  W.  W.  Yale.  However,  he  points  out  that  the  kind  of  informa- 
tion desired  determines  which  kind  of  test  is  most  suitable.  For 
example,  if  exact  times  are  needed,  such  as  the  time  to  fire  after  LOS 
to  a target  is  achieved,  a one-sided  test  should  be  employed.  Knowledge 
of  the  exact  moment  the  target  appeared  would  be  virtually  impossible  in 
a two-sided  test.  One-sided  tests  are  also  necessary  if  live-fire  is 
required. 

Two-sided  exercises  are  considered  essential  when  targets  must  be 
generated.  For  example,  a two-sided  exercise  would  be  necessary  if  the 
MOE  were  to  be  the  ratio  of  friendly  to  threat  casualties. 

48 

Based  on  notes  provided  by  Dr.  C.  0.  Nystrom,  ARI  Field  Unit,  Fort 
Hood,  Texas. 
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As  can  be  seen,  each  approach  has  both  positive  and  negative 
aspects.  These  should  be  kept  in  mind  in  the  discussions  of  specific 
programs  which  follow  the  discussion  of  process  vs.  outcome  measure- 
ments. 

Process  vs.  outcome  measurements.  Stated  very  simplistically, 
"process"  measurements  are  concerned  with  an  evaluation  of  all  of  the 
actions  taken  during  an  engagement,  but  are  not  particularly  concerned 
with  the  final  outcome.  "Outcome"  measurements  are  not  concerned  with 
the  procedures  involved  or  the  progress  of  the  engagement,  but  only  in 
who  wins  and  who  loses. 

4Q 

Osborn  is  an  advocate  of  process  measurement.  He  feels  that  to 
be  useful,  a test  must  be  diagnostic.  That  is,  it  must  provide  infor- 
mation on  exactly  why  a particular  aspect  of  performance  was  successful 
or  unsuccessful.  Hammell,  et  al. state  the  case  for  process  evalu- 
ations as  follows  in  discussing  Advanced  Officer  (AO)  tactics  training: 

. . .numerous  alternative  sequences  of  actions  may 
exist,  many  of  which  may  be  equally  plausible  for 
attaining  a specific  objective.  The  sequence  of 
actions  employed  by  the  AO  contains  a complex 
series  of  evaluations  and  action  selections  which 
are  situation  intended.  The  attainment  of  the 
ultimate  objective  mcy  often  be  irrelevant  to  the 
evaluation  of  the  AO's  performance.  This  hit  or 
miss  philosophy , although  distinctly  meaningful 
in  the  operational  environment , is  inadequate  in 
the  training  situation. 


49 

W.  C.  Osborn.  Process  versus  Product  Measures  in  Performance  Testing, 

Professional  Paper  16-74,  Human  Resources  Research  Organisation, 
Alexandria,  Virginia,  October  1974.  (Based  on  paper  for  Military 
Testing  Association  Meeting,  San  Antonio,  Texas,  October  1973.) 

^Hammell,  Gasteyer,  and  Pesch,  op.  cit. 

^Italics  added  by  authors. 
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In  other  words,  Hammell  and  associates  feel  that  process  is  the  only 
important  aspect  of  performance  in  training  evaluations.  A good 
decision  or  action  may  lead  to  a poor  outcome,  but  the  decision  or 
action  should  be  evaluated  on  its  own  merits,  and  not  on  the  vagaries  of 
future  actions  by  an  unpredictable  enemy. 

Litton  Industries,  in  an  unpublished  report  to  ARI,  stated  the  case 

CO 

for  outcome  evaluations.  The  authors  felt  that  tests  such  as  the  Army 
Training  Test  (ATT)  and  the  Operational  Readiness  and  Training  Test 
(ORTT) , now  subsumed  under  the  ARTEP,  were  not  satisfactory  instruments 
partly  because  they  emphasized  planning  and  processes  over  results. 

They  believed  that  what  a unit  can  accomplish  is  the  ultimate  measure  of 
effectiveness.  Accomplishments,  they  felt,  could  be  best  evaluated  in 
outcome  measures  such  as  friendly/enemy  loss  ratios  and  territory  gained 
or  lost. 

It  is  obvious  that  a difference  of  opinion  exists.  However,  Hammell, 
et  al, while  stressing  process,  do  admit  that  outcome  measurements 
are  "distinctly  meaningful  in  the  operational  environment."  Therefore, 
the  type  of  measure  chosen  may  well  depend  upon  the  job  held  by  the 
evaluator.  An  S-3  might  well  choose  a process  evaluation,  a troop 
commander  might  well  be  more  concerned  with  an  outcome  evaluation. 

In  the  first  section  of  this  chapter,  the  authors  of  this  report 
hopefully  made  it  clear  that  they  feel  an  evaluation  should  cover  both 
process  and  outcome.  The  notion  that  "the  operation  was  a success,  but 

^Personal  communication  from  Dr.  R.  T.  Root,  Unit  Training  and  Evalu- 
ation Systems  Technical  Area,  Army  Research  Institute,  Arlington, 
Virginia,  March  1977. 

^Hammell,  Gasteyer,  and  Pesch,  op.  cit. 
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the  patient  died"  is  lacking  in  appeal.  We  would  like  to  know  why  the 
operation  was  considered  a success  if  the  patient  died.  Similarly,  if 
the  patient  lived,  we  would  like  to  know  whether  the  operation  was 
responsible,  and  if  so,  why.  Both  approaches  obviously  have  short- 
comings, and  these  must  be  taken  into  account  in  considering  the  spe- 
cific operational  training  and  evaluation  programs  outlined  in  the 
following  subsection. 

Specific  programs.  Descriptions  of  specific  programs  directed  to 
measuring  the  effectiveness  of  teams  are  outlined  below.  Most  of  these 
techniques  were  designed  to  assess  performance  of  larger  units  than 
single  crews,,  e.g.,  platoons  or  companies.  However,  these  larger  units 
still  fall  within  the  definition  of  a team  proposed  earlier,  and  the 
techniques  are  considered  to  be  relevant  to  the  present  research. 

(a)  ARTEPs . The  Army  Training  and  Evaluation  Program  refers 
to  a whole  body  of  literature  stressing  a mission-oriented,  performance- 
based  approach  which  has  been  under  development  since  1974.  The  ARTEPs 
outline  the  basic  missions  that  the  team  should  be  able  to  perform  to  be 
combat  ready.  While  they  do  not  necessarily  require  two-sided  tess, 
they  are  obviously  valuable  in  preparing  scenarios  foi  REALTI  \IN  n ' 
MILES  exercises,  which  will  oe  discussed  later  in  this  subsection.  Thev 
are  also  oriented  toward  process  evaluations,  in  that  they  stress  plan- 
ning and  execution  above  outcome.  The  ARTEP  concept  is  definitely  a 
step  in  the  right  direction.  However,  the  lack  of  specifics  makes  it 
impossible  for  commanders  to  set  absolute  standards.  Furthermore,  the 
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standards  stated  are  marred  by  t;he  use  of  vague  indefinable  terms  such 

54 

as  "on  time,"  "excessive,"  and  "proper." 

The  ARTEP  concept  is  new  and  is  constantly  being  modified.  Its 
eventual  form  cannot  be  predicted  at  this  time.  If  may  evolve  into  a 
very  comprehensive  and  standardized  set  of  tests,  as  what  it  encompasses 
has  not  been  limited.  However,  at  present,  the  ARTEP  for  any  military 
unit  suffers  from  all  of  the  shortcomings  described  for  two-sided  tests 
and  tests  measuring  process  only.  The  ARTEP  undoubtedly  provides  excel- 
lent training,  but  leaves  something  to  be  desired  in  terms  of  evaluation. 

(b)  I DOC  (Identification  of  Test  Doctrine  for  Cost/Effective 
Qualification  of  Tank  Crews).  This  project  has  thus  far  been  limited  to 
a study  of  tank  gunnery.  At  present,  266  tank  gunnery  job  objectives 
have  been  identified,  and  a list  of  the  behaviors  or  actions  required  of 
each  crew  member  in  accomplishing  each  objective  has  been  derived.  Work 
is  proceeding  to  determine  the  representativeness,  generalizability , and 
criticality  of  the  objectives  so  that  final  priorities  for  measurement 
can  be  established.^  Hopefully,  a set  of  objectives  can  be  selected 
which:  (a)  is  representative  of  the  entire  range  of  at  least  the  more 

critical  gunnery  tasks,  and  (b)  can  be  reliably  measured  within  the 
resources  likely  to  be  available.  The  eventual  product  of  this  work 
wj.il  in  all  likelihood  be  a recommended  new  Table  VIII.  However,  many 
questions  need  to  be  answered  before  standards  can  realistically  and 


J.  F.  Hayes  and  M.  R.  Wallis.  ARTEP  Validation  Report,  US  Army 
Research  Institute  for  the  Behavioral  and  Social  Sciences, 
Arlington,  Virginia,  1974. 

^G.  G.  Boycan  and  A.  M.  Rose.  "An  Analytic  Approach  to  Estimating 
the  Generalizability  of  Grew  Performance  Objectives,"  Paper  pre- 
sented at  the  meeting  of  the  Military  Testing  Association,  October 
1976. 
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fit tlly  be  set.  For  example,  t is  the  acceptable  upper  limit  of  time 
to  Aire?  Folklore  has  it  that  ti.  ,t  round  should  be  fired  within 
five  seconds  (battlesight)  after  a target  is  detected.  However,  the 
present  authors  were  unable  to  trace  the  origin  of  this  figure.  Whether 
it  is  based  on  times  obtained  by  well-trained  crews,  whether  it  is  based 
on  c.  knowledge  of  times  achieved  by  potential  enemies,  or  whether  it  is 
simply  an  opinion  is  not  known. 

Hopefully,  the  IDOC  effort  will  result  in  a better  measure  of  tank 
crew  qualifications  for  gunnery.  However,  it  is  currently  focused  only 
on  gunnery,  and  a combat-ready  crew  is  obviously  required  to  perform 
many  other  kinds  of  tasks. 

An  ARI  effort  closely  related  to  IDOC  is  now  in  progress  in  Europe. 

However,  rather  than  attempting  to  derive  objectives  for  gunnery  in 

general,  this  effort  is  aimed  at  deriving  objectives  and  a training 
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program  for  the  USAREUR  Table  VIII  as  it  now  stands.  The  ultimate 
objective  of  the  program  is  to  design  training  that  wil!  maintain  gu  ' - 
nery  skills  between  opportunities  for  live-fire.  Because  of  limited 
space,  opportunities  for  live-fire  or  even  maneuver  are  extremely 
limited  in  Europe. 

(c)  REALTRAIN.  The  REALTRAIN  effort  grew  out  of  a need  t > 
provide  a realistic,  low-cost  tactical  training  and  evaluation  technique 
for  use  in  Army  combat  training.  In  essence,  it  is  a two-sided,  free- 
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E.  E.  Miller  and  J.  F.  Hayes.  Analysis  of  Tank  Crew  Performance 
Requirements  for  Multiple-Target  Engagements , ARI  Research 
Memorandum,  General  Research  Corporation,  and  US  Army  Research 
Institute  for  the  Behavioral  and  Social  Sciences,  December  1976 
(in  process) . 
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play  engagement  simulation  technique.  How  the  exercises  of  relevance  to 
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armor  are  conducted  has  been  described  by  Shriver,  et^  al : 

For  the  M60  tank,  the  controller's  telescope  is 
mounted  in  the  breech  of  the  m.  !n  gun.  Whei:  the 
controller  in  the  tank  deternue's  that  the  main 
gun  is  centered  on  a target  at  Lae  time  of  simu- 
lated impact,  he  assesses  a casualty.  The  con- 
troller then  radios  the  number  of  the  tank  or 
other  vehicle  that  was  hit  to  the  controller  on 
the  other  side  who  removes  the  vehicle  from  action. 

Artillery  fire  is  realistically  simulated  by 
detonating  artillery  simulators  at  the  actual 
point  requested  (hy  infantry  personnel)  based  on 
map  coordinates,  indirect  fire  "call"  procedures 
and  "times"  to  impact.  The  rounds  are  placed  by 
administrative  personnel  who  are  directed  by  a 
Fire  Direction  controller  who  in  turn  receives 
fire  requests  from  the  forward  observer  or  unit 
leader  in  the  simulated  engagement.  When  simu- 
lated round;,  arc  detonated  by  artillery  throwers, 
controllers  assess  casualties  within  the  "kill 
radius”  of  the  simulated  artillery  round  and  take 
them  out  of  action. 

As  can  be  seen,  the  primary  function  of  the  controller  is  to  assess 
casualties  and  remove  them  from  the  mock  battle.  RKALTRATN  exercises 
are  therefore  primarily  product  rather  than  process  oriented.  "Winning 
the  war"  and  surviving  became  the  paramount  goals.  However,  records  are 
kept  at  a Net  Control  Station,  and  an  After  Action  Review  is  conducted 
with  test  part  if i pant s . Therefore,  a post  hoc  look  at  the  processes 
that  might  have  led  to  certain  actions  taken  is  attempted.  Following 
the  After  Action  Review,,  senior  personnel  further  analyze  the  exercise 
and  determine  whether  remedial  training  i needed,  whether  the  exercise 
should  be  repeated,  or  whether  the  exercise  .should  be  expanded. 


E.  I..  Shriver,  B.  I,.  Mathers,  R.  fir  iff  in,  U.  R.  Jones,  L.  F..  Word, 
R.  T.  Root,  and  J.  F.  Hayes.  f'L'AK'yA  f 7;  A lieui  ”...  <-hod  for  Taotical 
Truzrj  K'j  ,jf  ! l lit:  . , AR  1 Technical  Report  S-  4 , Kin  ton,  Inc. , and 

US  Army  Research  Institute  for  the  Behavioral  and  Social  Sciences, 
December  19 75. 
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The  value  of  the  REALTRAIN  approach  for  unit  training  can  hardly  be 
questioned.  Resource  requirements  are  minimal  and  participants  can 
practice  a variety  of  individual  and  team  skills.  Deficiencies  will  un- 
doubtedly be  discovered  and  remedied,  and  the  "casualties"  will  live  to 
fight  another  day.  However,  as  an  evaluation  technique,  REALTRAIN,  at 
least  as  presently  conceived,  has  a number  of  shortcomings.  First  of 
all,  there  is  still  subjectivity  involved  in  casualty  assessment.  Can 
an  observer  looking  through  a telescope  in  the  breech  block  of  a tank 
gun  reliably  determine  whether  a moving  target  would  be  hit?  Secondly, 
as  in  all  two-sided  free-play  exercises,  exact  situations  cannot  be 
replicated.  A decision  which  turned  out  badly  might  well  have  turned 
out  well  against  a different  enemy.  A really  poor  decision  might  turn 
out  well  because  of  enemy  mistakes.  The  commander  might  then  tend  to 
repeat  the  same  set  of  actions  when  he  again  faces  a similar  situation, 
and  likely  with  disastrous  results.  In  other  words,  outcomes  are 
partly  dependent  upon  chance  factors,  making  it  impossible  to  judge  the 
adequacy  of  decisions  and  actions  in  any  absolute  sense. 

In  brief,  commanders  can  use  REALTRAIN  techniques  to  spot  major 
deficiencies  and  glaring  errors  in  judgment,  but  in  the  o >inion  of  the 
prese  t authors,  the  approach  is  not  adequate  for  assessing  overall 
combat  qualification. 

, , v 58 

(d)  UP AM  (Unit  Performance  Assessment  Model).  The  basic 

approach  involved  in  this  model  is  to  compare  "costs"  to  "achievements." 
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The  model  described  was  developed  by  Litton  Industries,  but  no 
published  work  could  be  found.  The  information  presented  on  the  UPAM 
is  based  on  a personal  communication  from  Dr.  R.  T,  Root,  Unit  Train- 
ing and  Evaluation  Systems  Technical  Area,  Army  Research  Institute, 
Arlington,  Virginia,  March  1977. 
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A cost  might  be  the  number  of  friendly  tanks  lost.  An  achievement  might 
be  the  number  of  enemy  tanks  destroyed.  Similarly,  casualties  among 
friendly  personnel, , own  supplies  expended,  destroyed,  or  captured,  and 
terrain  lost  would  be  classified  as  costs,  while  enemy  casualties  in- 
flicted, enemy  supplies  expended,  destroyed,  or  captured,  and  terrain 
controlled  would  be  considered  to  be  achievements.  Weights  for  each 
cost  and  achievement  were  derived  employing  ratings  and  regression 
techniques. 

Guides  for  the  employment  of  the  model  have  been  developed  for 
selected  kinds  of  units.  The  commander  employing  the  model  for  his  unit 
must  size  up  the  situation  he  intends  to  play  and  make  certain  decisions 
concerning  costs  and  achievements.  For  example,  he  must  decide  on  the 
minimally  acceptable  achievement,  i.e.,  the  proportion  of  enemy  tanks 
which  must  be  destroyed.  Similarly,  he  must  decide  on  an  acceptable 
cost  for  the  scenario  he  wishes  to  play,  i.e.,  the  proportion  of 
friendly  tanks  which  may  be  lost.  After  all  such  decision  are  made,  the 
"battle"  is  played,  and  actual  costs  and  achievements  are  determined. 
Procedures  are  provided  for  determining  whether  the  unit  being  evaluated 
met  its  overall  performance  objective.  A team  might  be  considered 
successful  without  having  a favorable  ratio  of  achievements  to  costs  in 
all  categories.  For  example,  a very  high  ratio  of  enemy/friendly  tanks 
destroyed  might  outweigh  an  unfavorable  ratio  of  enemy/friendly  supplies 
expended,  destroyed,  or  captured. 

The  model  has  the  advantage  of  letting  the  individual  commander  set 
his  own  acceptable  cost/achievement  ratios  for  each  category.  He  can 
tailor  these  to  the  particular  situation  he  intends  to  portray  in  the 
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mock  battle.  If  he  wishes  to  determine  the  ability  of  a unit  to  hold  a 
piece  of  territory  "at  all  costs,"  his  ratios  might  be  quite  different 
than  if  the  unit's  objective  is  to  hold  the  enemy's  advance  to  10  km  in 
24  hours. 

The  model,  as  the  present  authors  understand  it,  has  appeal.  How- 
ever, the  ability  of  the  small  unit  commander  to  realistically  set  costs 
and  achievements  for  all  types  of  scenarios  is  questionable . Also,  the 
model  appears  to  be  almost  totally  an  outcome  model.  Provision  for 
determining  why  a unit  failed  does  not  seem  to  have  been  made.  As  a 
result,  feedback  to  training  managers  is  likely  to  be  minimal.  Also, 
allowing  individual  commanders  to  set  costs  and  achievements  would  make 
it  very  difficult  to  compare  the  performance  of  different  units,  as  no 
two  commanders  may  choose  exactly  the  same  standards. 

(e)  MILES  (Multiple  Integrated  Laser  Engagement  System). 

This  system  is  currently  under  development.  Evaluation  by  TCATA  is 
programmed  to  begin  soon  and  continue  through  FY  1979.  The  essentials 
of  the  system  include  an  eye-safe  laser  mounted  on  each  weapon,  and  a 
sensor  mounted  on  each  target.  The  purpose  of  the  system  is  to  elimi- 
nate some  of  the  subjectivity  in  scoring  that  is  currently  a problem  in 
REALTRAIN.  If  a soldier  (or  crew)  "shoots  the  sensor  on  an  enemy  tar- 
get, there  can  be  little  doubt  that  a hit  occurred. 

How  well  the  MILES  system  can  be  adapted  to  unit  training  ar.i 
evaluation  remains  to  be  seen.  Also,' how  realistically  the  system  can 
be  made  to  reproduce  battlefield  results  is  still  a question.  For 
example,  damage  done  to  a tank  target  is  dependent  upon  where  the  tank 
is  hit.  A hit  on  the  side  near  the  rear  would  undoubtedly  immobilize 


V-43 


the  tank,  but  not  necessarily  kill  the  crew  nor  eliminate  the  tank  as  a 
weapon  system.  Scoring  the  location  of  hits  obviously  would  require 
multiple  sensors,  both  increasing  the  costs  and  the  burden  on  umpires. 

In  any  case,  the  MILES  approach  will  likely  suffer  from  many  of  the 
same  shortcomings  as  an  evaluation  device  that  REALTRAIN  does.  Absolute 
performance  standards  cannot  be  set  so  long  as  the  two-sided  approach  is 
maintained.  However,  there  is  no  question  but  what  the  approach  will 
provide  excellent  training. 

(f)  Other  approaches.  Several  other  approaches  to  and  devices 
for  team  training  and  evaluation  have  been  developed.  However,  they 
either  differ  little  in  concept  from  those  discussed,  or,  are  of  only 
marginal  relevance  to  the  development  of  tank  crew  MOE.  For  example, 

the  Marine  Corps  is  preparing  to  field  a Tactical  Warfare  Analysis  and 
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Evaluation  System  (TWAES).  The  approach  is  very  similar  to  REALTRAIN, 
with  some  added  hardware  sophistication  to  improve  control  and  provide 
near  real-time  casualty  assessments.  The  US  Air  Force  and  US  Navy  have 
developed  some  highly  sophisticated  computerized  simulations,  but  the 
missions  assigned  are  so  unlike  those  given  tank  crews  that  they  did  not 
appear  to  be  relevant.  Therefore,  these  approaches  will  not  be  dis- 
cussed. The  reader  interested  in  brief  descriptions  of  these  approaches/ 
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devices  should  consult  Wagner,  al_.  or  Larson,  et^  al^. 

(g)  Suirrr.a ry . Current  approaches  to  evaluating  tra'ning  effec- 
tiveness and  operational  readiness  that  are  relevant  to  tank  crews  can 

*^E.  H.  Rocklyn,  et_  a_L.  A Method  for  Increasing  the  Training  Effective- 
ness of  Marine  Co?*ps  Tactical  Exercises : A Pilot  Study,  NPRDC  Technical 
Report  75-34,  Navy  Personnel  Research  and  Development  Center,  May  1975. 

tJ ^Wagner , e_t  al_ . , op.  cit. 

SI 

Larson,  Sander,  and  Steinemann,  op.  cat. 
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be  divided  into  those  concerned  exclusively  with  gunnery,  and  those  con- 
cerned with  tactical  training  in  two-sided  engagements.  Those  concerned 
with  gunnery  are  attempting  to  develop  reliable  and  valid  measures  of 
this  extremely  important  aspect  of  performance.  Performance  standards 
are  being  derived  so  that  it  will  be  possible  to  determine  whether  a 
given  crew  performs  at  the  minimally  acceptable  level  for  each  of 
several  types  of  gunnery.  Also,  it  will  be  possible  to  compare  the 
performances  of  two  different  crews,  or  to  compare  the  performances  of 
the  same  crew  on  different  occasions. 

The  two-sided,  free-play  tactical  engagement  approaches  appear  to 
be  much  better  suited  to  training  than  evaluation.  Whatever  is  learned 
about  warfare  from  experience  can  probably  be  learned  from  these  exer- 
cises. Soldiers  can  practice  their  individual  and  team  skills  in  a 
realistic  context,  where  cues  to  action  are  taken  from  the  situation 
rather  than  from  a test  monitor.  The  competitive  situation  and  the 
desire  to  "survive"  are  undoubtedly  motivating. 

Commanders  can  undoubtedly  evaluate  gross  aspects  of  performance  in 
two-sided  exercises  by  carefully  observing  the  action  and  conducting 
thorough  afer-action  debriefing  sessions.  However,  these  approaches  do 
not,  in  the  opinion  of  the  authors,  provide  the  accurate  measurement  of 
proficiency  necessary  co  reliably  categorize  teams  as  combat  ready  or 
not  combat  ready. 

Research  Needs 

The  research  program  outlined  in  this  section  is  felt  to  be  the 
minimum  necessary  if  tank  crew  training  effectiveness  and  operational 
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readiness  are  to  be  adequately  evaluated.  The  order  of  listing  of  the 
projects  indicates  the  authors'  choice  of  priorities. 

I.  Determine  the  reliability  of  the  current  Table  VIII.  it  is 
realized  that  Table  VIII  will  very  probably  be  modified  at  some  time  in 
the  future.  However,  it  is  currently  being  used  by  commanders  to  evalu- 
ate their  crews,  and  decisions  which  affect  careers  are  being  made  on 
the  results.  Annual  firings  also  consume  considerable  resources. 
Commanders  and  crews  both  have  a need  and  a right  to  know  whether  scores 
obtained  are  reliable  indicators  of  performance,  or  whether  chance  fac- 
tors play  the  primary  role.  In  fact,  if  the  reliability  of  the  current 
Table  VIII  proves  to  be  unacceptable,  its  use  should  be  greatly  cur- 
tailed, and  the  resources  saved  applied  to  a ''crash"  program  aimed  at 
improving  its  reliability. 

As  a minimal  test  of  the  reliability  of  Table  VIII,  the  following 
procedures  are  proposed: 

(a)  One  TOE  battalion  should  be  designated  for  the  test, 
stabilized,  and  dedicated  for  a minimum  of  120  days.  Crew  assignments 
should  be  finalized  for  a minimum  of  60  days  prior  to  any  testing,  and 
remain  intact  throughout  the  testing.  If,  for  emergency  reasons,  a crew 
cannot  be  kept  intact  for  at  least  30  days  prior  to  firing  Table  VIII, 
it  should  be  dropped  from  the  study. 

(b)  All  crews  should  follow  the  normal  training  routine  and 
fire  Tables  I through  VII  before  firing  Table  VIII. 

(c)  Independent  observers/evaluators  from  another  unit  should 
serve  during  the  firing  of  Table  VIII.  Crews  who  have  completed  firing 
should  be  segregated  from  those  who  have  not  to  prevent  any  "G-2"  con- 
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cerning  the  test.  Meticulous  records  of  all  events  should  be  kept  so 
that  each  run  can  be  reconstructed  after  the  fact.  Scores  should  be 
derived  employing  the  observers'  hit  determinations.  However,  close-in 

TV  monitors  should  be  placed  near  every  target,  if  possible,  so  that  an 
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independent  determination  of  hits  could  be  made  from  the  tapes. 

(d)  The  intact  crews  should  be  transported,  along  with  their 
own  tanks,  to  another  Table  VIII  location,  and  retested.  The  same  pro- 
cedures described  in  (u)  above  should  be  followed. 

(e)  The  statistical  reliability  of  the  total  score  and  the 
scores  for  selected  engagements  should  be  determined.  The  analysis  of 
scores  for  separate  engagements  should  provide  information  on  which 
kinds  of  engagements  contribute  most  to  unreliability.  More  will  be 
said  concerning  this  in  the  second  proposed  research  effort.  Also, 
other  analyses  should  be  conducted  as  deemed  appropriate  after  the  data 
are  examined.  For  example,  some  crews  may  tend  toward  the  use  of  pre- 
cision engagements,  while  others  tend  toward  the  use  of  the  battlesight. 
The  effects  of  such  preferences  on  reliability  should  be  studied. 

If  video  equipment  can  be  employed,  the  validity  of  the  observers' 
hit  determinations  can  be  assessed.  Also,  total  scores  can  be  recom- 
puted on  the  basis  of  the  hits  observed  on  the  video  tapes.  If  the 
validity  of  the  observers'  determinations  is  low,  these  scores  based  on 
video  tape  observation  should  prove  to  be  much  more  valid  than  those 
obtained  in  the  normal  manner.  If  so,  it  might  be  possible  for  the 
armor  community  to  justify  the  one-time  costs  associated  with  the  use  of 


Video  equipment  is  currently  being  employed  for  this  purpose  at  Fort 
Hood,  Texas. 
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additional  video  equipment,  and  the  equipment  could  be  used  routinely  to 
improve  Table  VIII  scoring. 

The  major  problem  associated  with  this  type  of  work  (in  addition  to 
the  resource  requirements)  is  the  subjectivity  involved  with  the  inter- 
pretation of  the  results.  Personnel  familiar  with  this  kl.id  of  testing 
would  probably  agree  that  a total  score  reliability  coefficient  of  0.70 
or  higher  was  acceptable.  Similarly,  they  would  probably  agree  that  a 
reliability  of  0.30  or  less  was  unacceptable.  However,  there  would 
probably  be  considerable  disagreement  about  where  an  exact  line  should 
be  drawn.  Therefore,  regardless  of  the  outcome,  it  is  proposed  that  a 
description  of  the  test  and  an  interpretation  of  the  results  be  pub- 
lished and  circulated  widely  through  the  armor  community.  The  discus- 
sion on  reliability  and  the  meaning  of  the  numbers  obtained  should  be  in 
layman's  terms  for  the  benefit  of  those  with  little  background  in  test 
theory  and  statistics.  Individual  commanders  will  then  be  better  able 
to  aderstand  the  problems  associated  **'th  interpreting  scores,  and  can 
decide  for  themselves  how  much  faith  they  wish  to  put  in  the  results  of 
Table  VIII  scores. 

II..  Determine  the  number  of  replications  required  for  each  type  of 
engagement.  In  order  to  ensure  the  reliability  of  any  future  Table 
VIII,  the  items  entering  into  the  total  score  must  also  have  a reason- 
able reliability.  The  data  obtained  in  Study  I should  provide  some 
indications  concerning  the  reliability  of  the  items,  i.e.,  of  the 
various  kinds  of  engagements.  Whether  the  less  reliable  items  can  be 
made  reliable  by  increasing  the  number  of  replications  is  not  known.  If 
they  cannot,  they  should  be  eliminated  from  the  exercise  altogether.  If 
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they  can  be  made  acceptably  reliable  with  a feasible  number  of  repli- 
cations, the  replications  should  be  built  into  the  Table  VIII  exercise. 
However,  scoring  would  have  to  be  adjusted  to  ensure  that  those  en- 
gagement situations  requiring  the  most  replications  were  not  given  undue 
weight  in  the  total  score. 

In  order  to  determine  the  number  of  replications  required,  the 
following  research  study  is  proposed: 

(a)  The  two  engagement  types  believed  to  be  the  least  re- 
liable based  on  data  from  the  first  study  should  be  selected.  One 
engagement  type  believed  to  be  moderately  reliable  and  one  engagement 
type  believed  to  have  good  reliability  should  also  be  selected. 

(b)  A representative  platoon  (five  tanks)  from  a TOE  unit 
should  be  designated  for  the  test,  stabilized,  and  dedicated  for  a mini- 
mum of  180  days.  Crew  assignments  should  be  finalized  for  a minimum  of 
60  day3  prior  to  any  testing,  and  remain  intact  throughout  the  testing. 

(c)  All  crews  should  fire  Tables  I through  VII  as  part  of 
their  normal  training  routine  during  the  first  60  days. 

(d)  All  crews  should  fire  those  four  types  of  engagements 
selected  from  Table  VIII  a minimum  of  10  times  each  in  as  short  a period 
of  time  as  is  feasible.  Scoring  should  be  accomplished  in  the  same 
manner  as  in  Study  I. 

(e)  The  reliability  of  each  engagement  type  should  be  esti- 
mated employing  the  odd/even  split  technique. 

(f)  If  the  results  indicate  that  the  reliability  of  the 
scores  for  the  different  types  of  engagements  can  be  sufficiently  im- 
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proved  by  a feasible  number  of  replications,  the  reliability  of  other 
engagements  of  questionable  reliability  should  be  investigated  in 
another  study. 

The  original  estimates  which  led  to  the  selection  of  the  elements 
to  be  studied  may  prove  to  be  incorrect.  That  is,  the  two  with  sus- 
pected low  reliability  might  prove  to  be  sufficiently  reliable,  while 
the  two  exected  to  have  higher  reliabilities  may  not.  In  such  a case, 
it  would  be  wise  to  conduct  a similar  study  with  all  the  remaining 
elements  ,n  the  Table,  and  with  any  new  engagements  proposed  for  a new 
Table  VIII. 

III.  Develop  MOE  for  functions  other  than  gunnery.  Gunnery  is 

certainly  a necessary  and  extremely  important  function  of  a tank  crew 

but  is  far  from  being  the  only  function  required  for  effectiveness.  As 
64 

Prall  has  succinctly  stated  the  tanker's  mission,  the  crew  must  be 
able  to  MAINTAIN,  MOVE,  SHOOT,  COMMUNICATE,  SEE,  and  SURVIVE.  No  stan- 
dard MOE  for  any  of  these  functions  other  than  SHOOT  apparently  exist 
for  tank  crews.  Individual  testing  at  the  crew  level  or  higher,  if  con- 
ducted at  all,  is  based  on  measures  developed  at  the  unit  level.  In 
order  to  ensure  maximum  total  effectiveness,  MOE  for  these  other  func- 
tions must  be  developed.  A research  program  to  develop  these  MOE  is 
outlined  below: 

63 

What  level  of  reliability  will  be  considered  acceptable  will  have  to 
be  determined  by  consensus  in  advance.  These  could  be  referenced  to 
the  probability  of  misclasslf icatlon  as  proficient  or  nonproficient 
(see  Steinheiser  and  Snyder,  footnote  39). 

^'E.  L.  Prall.  "Tank  Crew  Proficiency  Testing,"  Armor,  September- 
October  1975,  13-16. 
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(a)  Determine  the  critical  tasks  for  each  function.  Each  of 
the  functional  areas  will  be  composed  of  a number  of  tasks  and  subtasks. 
For  example,  as  tasks  under  SURVIVE,  Pral]  lists  "ATGM  counterdrills, 
selection  of  positions,  selection  of  routes,  camouflage,  establishing 
local  security,  mine  warfare,  extinguishing  tank  fires,  and  preparing 
the  tank  for  a friendly  nuclear  strike."  Some  might  disagree  with  this 
selection,  others  might  wish  to  categorize  the  major  functions  differ- 
ently or  use  different  titles.  However,  how  the  functions  are  cate- 
gorized is  unimportant  so  long  as  the  list  is  exhaustive.  Therefore, 
the  procedures  to  be  followed  are: 

(1)  Develop  a list  of  categories  for  the  major  tank  crew 


functions. 

(2)  Develop  a list  of  tasks  within  each  function  cate- 
gory. As  comprehensiveness  is  important,  FMs,  TMs,  research  reports, 
relevant  periodicals,  other  military  publications,  and  experienced  armor 


personnel  should  all  be  consulted.  Task  statements  at  this  point  should 
be  somewhat  general  in  nature,  e.g.,  "conduct  preoperational  checks." 

(3)  Develop  brief  definitions  for  each  task  statement  to 
ensure  a common  understanding. 

66 

(4)  Employ  the  Delphi  Technique  with  a group  of  ex- 
perienced armor  personnel  to  develop  a consensus  on  the  c*  iticaiit.y  of 


65Ibid. 

66 

The  Delphi  method  is  an  iterative  technique  designed  to  obtain  a con- 
sensus in  terms  of  numerical  ratings,  usually  from  experts  irt  a field. 
(For  a description  of  the  process  by  the  developers,  see  N.  C.  Daikey 
and  0.  Helmer,  "An  Experimental  Application  of  the  Delphi  Method  to 
the  Use  of  Experts,"  Management  Science,  April  1963,  9(3'',  458-567.) 
The  method  has  been  shown  to  be  more  accurate  than  the  Tesultant 
opinion  from  group  discussion,  in  at  least  one  instance.  (See  N.  C. 
Daikey,  The  Delphi  Method:  An  Experimental  Study  of  Group  Opinion, 
Memorandum  RM-5888-TR,  The  Rand  Corporation,  June  1969.) 
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each  of  the  tasks.  The  iterations  should  be  designed  to  obtain  infor- 
mation on  which  tasks  must  be  evaluated  to  give  a commander  confidence 
in  the  combat  readiness  of  his  crews.  Respondents  should  also  be 
allowed  to  suggest  additional  tasks  on  the  first  round. 

The  final  product  of  this  phase  of  the  work  will  be  a list  of  tasks 
which  consensus  indicates  are  sufficiently  critical  that  they  must  be 
evaluated  in  order  to  certify  a crew  as  fully  qualified. 

(b)  Determine  which  tasks  are  team  tasks.  Many  of  the  tasks 
which  are  judged  to  be  critical  may  not  be  true  team  tasks.  That  is, 
they  may  be  simply  an  aggregation  of  individual  tasks  where  there  is  no 
Interdependence,  interrelationship,  or  needed  cooperation  between  crew 
members.  Performance  on  such  tasks  does  not  need  to  be  measured  in  a 
crew  context.  Team  testing  should  be  reserved  largely  for  those  tasks 
which  do  require  cooperative  and  interrelated  effort. 

The  procedures  proposed  for  this  part  of  the  work  are: 

(1)  Develop  definitions  of  team  and  individual  tasks, 
and  illustrate  with  examples  from  outside  the  field  of  armor. 

(2)  Submit  the  definitions  and  the  lists  of  critical 
tasks  to  a group  of  armor  experts.  The  group,  as  individuals,  should 
classify  each  task  as  being  either  a crew  task  or  an  aggregate  of 
individual  tasks.  The  group  members  should  be  required  to  provide 
justification  for  classifying  a task  as  a crew  task. 

(3)  On  the  basis  of  the  group's  opinions,  classify  each 
task  as  either  a crew  task  or  an  aggregate  of  individual  tasks.  Where 
substantial  agreement  is  lacking  and  the  tasks  cannot  be  easily  classi- 
fied, a panel  should  be  formed  to  further  examine  the  tasks.  The  panel 
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should  be  composed  of  members  with  differing  opinions.  If  agreement  on 
the  classification  cannot  be  reached  on  any  task,  the  task  should  be  at 
least  temporarily  classified  as  a crew  task  to  ensure  that  no  crew 
functions  are  deleted. 

The  product  of  this  phase  of  the  effort  shot. Id  be  a list  of  tasks 
which  are  both  critical  and  truly  team  tasks. 

(c)  Develop  subtask  and  activity  lists  for  team  tasks.  This 

phase  is  designed  to  determine  exactly  what  a crew  must  do  to  accomplish 
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a task.  It  is  proposed  that  a method  developed  by  Suchman,  ert  al . , be 
employed.  The  procedures  involved  are  outlined  briefly  below: 

(1)  Convene  a panel  of  five  or  more  knowledgeable  indi- 
viduals in  the  field.  The  composition  of  the  panel  does  not  need  to 
remain  fixed,  as  any  expert  in  the  field  can  be  "read  in"  to  what  is 
going  on  in  a very  short  time.  The  first  job  of  the  panel  is  to  develop 
a complete  listing  of  subtasks  for  each  task.  The  names  given  subtasks 
do  not  have  to  be  behavioral.  For  example,  under  a possible  task  con- 
cerned with  preventative  maintenance,  a subtask  might  he  "inspects 

68 

tracks  for  defects  and  wear." 

(2)  Develop  a list  of  ’'activities"  for  each  subtask. 

The  activity  statements  should  be  specific  and  behavioral.  For  example, 
in  inspecting  a track  for  defects  or  wear,  exactly  what  the  crewman 
inspects  should  be  specified.  Also,  the  standards  he  employs,  to  deter- 
mine whether  the  track  is  serviceable  or  requires  repair  should  be 

67 

J.  R.  Suchman,  A.  L.  Kubala,  and  J.  E.  Taylor.  The  Development  of  an 
Open-Access,  Per formav.ee  Oriented  CuvriouTjn  for  Training  the  Military 
Policeman  (MOS  96P20),  Final  Report  FR-WD(CA)-75-9,  Human  Resources 
Research  Organization,  Alexandria,  Virginia,  June  1975. 

68 

This  task  title  is  given  only  as  an  example  of  the  relative  specificity 
required.  It  is  not  implied  that  this  either  is  or  is  not  a team  task. 
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specified.  The  activities  and  standards  provide  all  the  information 
necessary  for  the  development  of  a performance  test  or  tests. 

(3)  Develop  a series  of  exercises  to  evaluate  perfor- 
mance on  the  critical  crew  tasks.  Each  exercise  may  include  a whole 
series  of  tasks  or  only  a few  subtasks.  However,  they  should  be  de- 
signed so  that  the  cues  available  for  initiation  of  the  activities  are 
the  same  as  those  that  would  be  available  in  a combat  situation.  These 
exercises  are  the  performance  tests  which  incorporate  the  standards 
involved  in  (2).  In  other  words,  these  exercises  will  be  the  MOE  for 
the  tasks  involved. 

The  procedures  outlined  may  seem  to  be  very  involved  and  time  con- 
suming. However,  in  practice  they  have  proved  to  be  quite  efficient. 

Disagreements  have  been  readily  resolved,  and  the  techniques  have  seemed 
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to  be  equally  applicable  to  both  "soft"  and  "hard"  skills.  Instruc- 
tors have  found  it  quite  easy  to  develop  a series  cf  parallel  forms  of 
performance  tests  which  accounted  for  various  common  alternative  se- 
quences of  events,  while  still  measuring  all  the  critical  aspects  of 
performance. 

Other  procedures  might  be  followed.  For  example,  Larson  and  Sander 
employed  the  Delphi  method  to  determine  exactly  what  aspects  of  combat 
performance  battalion  commanders  would  like  to  measure  if  they  could. 

The  approach  might  lead  to  a different  set  ot  MOE  for  tank  crews,  as  it 

Soft  skills  have  also  be  defined  as  "man-ascendant,"  and  hard  skills 
as  "machine-ascendant . " Interviewing  a witness  or  a suspect  would 
be  classified  as  a soft  skill,  while  repairing  a radio  set  would  be 
classified  as  a hard  skill. 
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0.  A.  Larson  and  S.  I.  Sander,  Development  of  Unit  Performance  Ef- 
fectiveness Measures  Using  Delphi  Procedure , TR  76-12,  Navy  Personnel 
Research  and  Development  Center,  San  Diego,  California,  September,  1975. 
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does  not  assume  a set  of  specific  tasks.  However,  the  approach  proposed 
seems  preferable  for  this  research  area  as  the  unit  is  specified  as  tank 
crews.  Larson  and  Sander  did  not  specify  the  unit,  although  they  did 
request  information  on  which  MOE  were  applicable  to  what  size  units. 
Furthermore,  the  approach  proposed  results  in  a list  of  specific  acti- 
vities and  standards,  while  the  Delphi  method  did  not.  The  chief 
advantage  of  the  Larson  and  Sander  approach  is  that  it  allows  commanders 
to  state  what  they  want  to  measure  without  being  restricted  to  a set  of 
particular  tasks.  Therefore,  if  time  and  resources  are  available,  the 
Larson  and  Sander  technique  should  be  used  to  ensure  that  the  final  MOE 
chosen  are  comprehensive,  as  the  procedure  might  result  in  suggested 
tasks  not  uncovered  by  the  proposed  procedures. 

Summary 

The  development  of  MOE  for  teams  is  not  a simple  task.  Numerous 
problems  confront  the  developer.  He  must  try  to  ensure  that  his  MOE  are 
comprehensive,  reliable,  and  economical.  He  must  try  to  ensure  that 
they  measure  critical  tasks  which  are  truly  team  tasks,  rather  than 
simply  measure  an  aggregate  of  individual  tasks.  He  must  also  decide  on 
whether  a particular  set  of  combat  skills  can  best  be  measured  by  one- 
sided or  two-sided  tests,  and  he  must  ensure  that  processes  as  well  as 
outcomes  are  evaluated  so  that  (process)  information  can  be  fed  hack  to 
training  managers. 

Three  research  efforts  are  proposed  as  a first  step  in  developing 
MOE  for  tank  crews.  The  first  two  pertain  to  the  all  important  function 
of  gunnery,  and  are  designed  to  ensure  that  MOE  for  gunnery  are  worth 
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the  resouces  expended  and  of  real  value  to  commanders.  The  third  repre- 
sents an  attempt  to  derive  MOF  for  functions  other  than  gunnery. 

Early  in  this  chapter,  the  authors  concluded  that  the  measurement 
of  tank  crew  proficiency  is  a must.  They  further  concluded  that  the 
question  of  "whether"  we  measure  effectiveness  is  not  as  important  as 
"how"  we  acquire  the  means  to  do  so.  Hopefully,  if  the  proposed  re- 
search outlined  in  this  chapter  is  conducted,  our  means  of  qualifying 
tank  crews  will  be  greatly  improved. 


V-56 


Chapter  V 


LIST  OF  REFERENCES  CITED 
(All  references  are  unclassi fied) 


Alexander,  L.  T.  and  Cooperband,  A.  S.  System  Training  and  Research  in 
Team  Behavior,  Technical  Memorandum  2581,  System  Development  Corpo- 
ration, August  1965. 

Baerman,  V.  P.  and  Eaton,  N.  K.  "Crew  Assignment  and  Training,"  Amor, 
January-February  1977,  50-53. 

Baker,  R.  A.  and  Cook,  J.  G.  The  Development  and  Evaluation  of  the  Tank 
Platoon  Combat  Readiness  Check,  Research  Memorandum,  Human  Resources 
Research  Organization.  Alexandria,  Virginia,  April  1963. 

Boldovici,  J.  A.,  Wheaton,  G.  R.,  and  Boycan,  0.  G.  Selecting  Items  for 
a Tank  Gunnery  Test  (Draft  Interim  Report),  US  Army  Research  Insti- 
tute for  the  Behavioral  and  Social  Sciences,  Arlington,  Virginia,  1 
August  1976. 

Bond,  N.  A.,  Jr.,  and  Rigney,  J.  W.  Mcaswcmcni  of  Training  Outcomes, 
Technical  Report  No.  66,  Behavioral  Technology  Laboratories,  Uni- 
versity of  Southern  California,  Los  Angeles,  California,  June  1970. 

Boycan,  C.  G.  and  Rose.  A.  M,  "An  Analytic  Approach  to  Estimating  the 
General izab  il ity  of  Crew  Performance  Objectives,"  Paper  presented 
at  the  meeting  of  the  Military  Testing  Association,  October  1976. 

Briggs,  G.  E.  and  Johnston,  W.  A.  Tetnv  Training , Final  Report,  February 
1966-February  1967,  NAVTRADEVCEN-1327-4 , Naval  Training  Devices 
Center,  Orlando,  Florida,  1967. 

Dalkey,  N.  C.  The  Delphi  Method:  An  Experimental  Study  of  Group  Opin- 
ion, RM-5888-TR,  The  Rand  Corporation,  June  1969. 

Dalkey,  N.  C.  and  Helmer,  0.  "An  F.xper  imenta  1 Appl  icat  ion  of  the  Delphi 
Method  to  the  Use  of  Experts,"  Manaaemrnt  Science,  April  1963,  _((3) , 
458-967 . " 

DePuv,  W.  E.  and  Gorman,  P.  F.  "TRADOC  Mission  and  Resources  Brieiing," 
Transcript  from  TV  tape,  US  Army  Training  and  Doctrine  Command, 

Fort  Monroe,  Virginia. 

Glaser,  R. , Klaus,  D.  J.,  and  Egerman,  K.  Increasing  Team  Proficiency 
Through  Training:  The  Acquisition  and  Extinction  of  a Team 

response , Technical  Report  AIR  B64-5/62,  American  Institutes  for 
Research,  May  1962. 

Gorman,  F.  F.  "Trends  in  the  Army's  Training,  System,"  Presentation  made 
to  the  Army  War  College,  Fort  Leavenworth,  Kansas,  21  January  1977. 

V-57 


Hale,  D.  R.  E.  "The  Selection  of  Measures  of  Effectiveness  for  Small 
Arms  Experiments,"  Masters  Thesis,  Naval  Post  Graduate  School, 

Monterey,  California,  March  1974. 

* 

Hall,  E.  R.  and  Rizzo,  W.  A.  An  Assessment  of  US  Navy  Tactical  Team 
Training:  Focus  on  the  Trained  Man , TAEG  Report  No.  18,  Training 
Analysis  and  Evaluation  Group,  March  1975. 

Hammell,  T.  J. , Gasteyer,  C.  E. , and  Pesch,  A.  J.  Advanced  Officer  Tac- 
tics Training  Device  Needs  and  Performance  Measurement  Technique  - 
Volume  J,  TR:NAVTRAEQUIPCEN,  72-C-0053-1,  General  Dynamics  Corporation, 
Electric  Boat  Division,  Groton,  Connecticut,  November  1973. 

Harris,  J.  H.,  Campbell,  R.  C.,  Osborn,  W.  C. , and  Boldovici,  J.  A. 
Development  of  a Model  Job  Performance  Test  for  a Combat  Occupa- 
tional Specialty , Vol  I,  Test  Development , US  Army  Research 
Institute  for  the  Behavioral  and  Social  Sciences,  and  Human 
Resources  Research  Organization,  November  1975. 

Hayes,  J.  F.  and  Wallis,  M.  R.  ABTEP  Validation  Report,  US  Army 
Research  Institute  for  the  Behavioral  and  Social  Sciences, 

Arlington,  Virginia,  1974. 

Hemphill,  J.  K.  and  Sechrest,  L.  B.  "A  Comparison  of  Three  Criteria  of 
Aircrew  Effectiveness  in  Combat  Over  Korea,"  Journal  of  Applied 
Psychology,  1952,  49,  323-327. 

Kraemer,  R.  E. , Boldovici,  J.  A.,  and  Boycan,  G.  G.  Job  Objectives  For 
M60A1AOS  Tank  Gunnery,  Research  Memorandum  76-9,'  Human  Resources 
Research  Organization,  and  Army  Research  Institute,  April  1976. 

Larson,  J.  A.,  Earl,  W.  K.,  and  Henson,  V.  A.  Assessment  of  l'S  Tank 

Crew  Training,  TCATA  Test  Report  No.  FM  331,  Final  Report  (23  March 
75  - 13  March  76),  Headquarters,  TRADOC  Combined  Arms  Test  Activity, 
Fort  Hood,  Texas,  July  1976. 

Larson,  0.  A.  and  Sander,  S.  I.  Development  of  Unit  Performance  Effec- 
tiveness Measures  Using  Delphi  Procedure,  TR  76-12,  Navy  Personnel 
Research  and  Development  Center,  San  Diego,  California,  September  1975. 

Larson,  0.  A.,  Sander,  S.  I.,  and  Steinemann,  J.  H.  Survey  of  Unit 
Performance  Effectiveness  Measures , TR  74-11,  Navy  Personnel 
and  Development  Center,  San  Diego,  California,  January  1974. 

Lyons,  J,  D,  "Measuring  Effectiveness:  Quality  Control  of  Training," 

Paper  for  New  York  University  First  National  Annual  Training  in 
Business  and  Industry  Conference,  New  York  City,  March  1972. 

(Included  in  HumRRO  Professional  Paper  16-72,  Human  Resources 
Research  Organization,  Alexandria,  Virginia,  July  1972.) 


V-58 


Miller,  E.  E.  and  Hayes,  J.  F.  Analysis  of  Tank  Creo  Performance 
Requirements  for  Multiple-Target  Engagements , API  Research 
Memorandum,  General  Research  Corporation,  and  US  Army  Research 
Institute  for  the  Behavioral  and  Social  Sciences,  December  1976 
(in  process), 

Nunnally,  J,  C.  Psychometric  Theory,  New  York:  McGraw-Hill,  1967. 

Osborn,  W.  C.  An  Approach  to  the  Development  of  Synthetic  Performance 
Tests  for  Use  in  Training  Evaluation,  Professional  Paper  30-70, 
Human  Resources  Research  Organization,  Alexandria,  Virginia, 

Decembe.  1970. 

Osborn,  W.  C.  Process  versus  Product  Measures  in  Performance  Testing, 
Professional  Paper  16-74,  Human  Resources  Research  Organization, 
Alexandria,  Virginia,  October  1974.  (Based  on  paper  for  the  Mili- 
tary Testing  Association  Meeting,  San  Antonio,  Texas,  October  1973.) 

Osborn,  W.  C.  and  Ford,  J.  P.  Research  on  Methods  of  Synthetic  Perfor- 
mance Testing,  Final  Report  FR-CD(L)-76-l , Human  Resources  Research 
Organization,  Alexandria,  Virginia,  April  1976. 

Powers,  T.  R.,  McCluskey,  M.  R. , and  Haggard,  D.F.  Determination  of  the 
Contribution  of  Live  Firing  to  Weapons  Proficiency , Final  Report 
FR-CD(C)-75-l,  Human  Resources  Research  Organization,  Alexandria; 
Virginia,  March  1975. 

Prall,  E.  L.  "Tank  Crew  Proficiency  Testing,"  Armor,  September-October 
1975,  13-16. 

Rocklyn,  F.  H. ,'  et  aj_.  A Method  for  lucre  using  the  Training  Effective- 
ness of  Marine  Corps  Tactical  Exercises:  A Pilot-  Study,  NPRDC 
Technical  Report  75-34,  Navy  Personnel  Research  and  Development 
Center,  May  1975. 

Shrive.  . V.  I..,  Mathers,  B.  L.  , Gritfin,  G.  R.,  Tones,  D.  R.  , Word,  L.  E. 
Root,  R.  T.,  and  Hayes,  J.  F.  REALTRA1N:  A Nem  Method  for  Tactical 
Training  of  Small  Units,  ARI  Technical  Report  S-4,  Kinton,  Inc.,  and 
US  Army  Research  Institute  for  the  Behavioral  and  Social  Sciences, 
December  1975.  , ■ 

Steinheiser,  F , Jr.,  and  Snyder,  C.  W. , Jr.  "Score  Quality  Issues 

Related  to  Individual  and  Weapon  Grew  Criterion-Referenced  Perfor- 
mance Tests,"  Presented  at  the  Military  Testing  Association 
Conference,  October  1976. 

Suehman,  J.  R.,  Kubala,  A.  I,.,  and  Taylor,  J.  E.  The  Development  of  an 
Open-Access,  Per  forma  n »<?  Oriented  Curriculum  for  Training  the  Milt- 

, , tary  Policeman  (MOT  9:  RTO) , Final  Report  FR-WD ( CA ) -7 5-9 , Human 

Resources  Research  Organization,  olexandria.  Virginia,  June  1975. 


V-59 


17-12-5-  Tank  Gunnery  Training , US  Army  Armor  School,  Fort  Knpx, 
Kentucky. 

TRADOC  PAM  11-8.  Cost  and  Operational  Effectiveness  Analysis  Handbook , 
US  Army  Training  and  Doctrine  Command',  Fort  Monroe,  Virginia, 
November  1974. 

TRADOC  PAM  71-10.  Cost  and  Training  Effectiveness  Handbook  (Draft), 

US  Army  Training  and  Doctrine  Command,  Fort  Monroe,  Virginia, 

1977. 

TRADOC  PAM  350-11.  Training:  Systems  Engineering  of  Unit  Training, 

US  Army  Training  and  Doctrine  Command,  Fort  Monroe,  Virginia, 

12  January  1973  (not  current). 

TRADOC  PAM  350-30.  Interservice  Itrocedures  for  Instructional  Systems 
Development,  US  Army  Training  and  Doctrine  Command,  Fort  Monroe, 
Virginia,  1 August  1975. 

US  Department  of  the  Army.  Final  Report  on  Special  Study , Methodology 
Investigation  for  Measures  of  Effectiveness , TECOM  Project  No. 
9-C0-00C-000-007 , US  Army  Armor  and  Engineer  Board,  Fort  Knox, 
Kentucky,  August  1973. 

Wagner,  H. , Hibbits,  N. , Rosenblatt,  R.  D. , and  Schulz,  R.  Team  Train- 
ing and  Evaluation  Strategies : State -of- the -Art , Technical  Report 
77-1,  Human  Resources  Research  Organization,  Alexandria,  Virginia, 
February  1977. 

Zophy,  F.  G.  "Methodology  for  the  Evaluation  of  Air  Defense  System 
Effectiveness,"  Masters  Thesis,  Naval  Post  Graduate  School, 
Monterey,  California,  March  1975. 


